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!\ CTD tCT 
This Thesis describes -semi-synthetic and synthetic 
approaches to 1_mercaptodesthiobiotin and 
4-(R, S)_mercaptodesthiobiotin. 
Pummerer re-arrangements of N'-acetyl biotin suiphoxides 
were investigated and shown to afford 2,3 and 5,6-
dehydrobiotin derivatives. 5,6-F.ehydrobiotin was found to 
act as a biotin agonist for a bio A mu-tant of E.Coli. 
A total synthesis of racemic 1-mercapto desthiobiotin 
suitable for labelled synthesis is described. 1-mercapto-
desthiobiotin was shown to replace the biotin requirement 
for growth of E.Coli bioA. 
A number of synthetic routes to 4-mercapto-desthiobiotin 
were evaluated and 4-thioacetyl-N ,N-diacetyl-2,3-
dehydrodesthiobiotin ethyl ester and 4-tosyl-N-acetyl 
desthiobiotin ethyl ester were prepared as intermediates for 
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Naturally occurring sulphur containing metabolites are found 
in virtually all living organisms. These materials can be 
broadly categorised into two groups. The first group 
consists of the primary metabolites, essential to life. 
This includes, for example, the amino acid cysteine 1 and 
the enzyme cofactors biotin 2, lipoic acid 3,and thiamine 4. 
The second group encompasses the so-called secondary 
metabolites, compounds believed to be non-essential to the 
producing organism. Representatives of this class include 
the antibiotic isopenicillin N 5, oc-terthienyl 6, isolated 
from marigolds, and the mustard oil glucoside sinigrin 7 
(Scheme 1). Many additional illustrations can be found in 
recent reviews 1,2 
The structural diversity exhibited by the naturally 
occurring sulphur metabolites presents to the chemist a 
rich number of compounds to be studied and a corresponding 
complexity of biochemical pathways to be elucidated. 
This thesis is directed towards the elucidation of the key 
steps in the formation of the important coenzyme biotin 2 in 
particular, and, in a general sense, to extending our 
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1.2 BIOTIN GENERAL 
Biotin 2, in common with other essential metabolites, was 
discovered as a result of the effects of a nutritional 
deficiency. Its requirement as a growth factor for yeast 
was discovered at the beginning of the century and 
eventually led to the isolation and crystallisation of 
biotin by Koegel and Tonnis 
Du Vigneaud et al 	identified biotin with Vitamin H, the 
curative factor for egg white injury. This finding 
demonstrated the general importance of biotin in the 
metabolism of the cell. It was subsequently discovered by 
Wakil 	and his co-workers that biotin is an integral part 
of the acetyl CoI\ carboxylase enzyme, indicating that biotin 
may have a co-factorial role in carboxylation reactions. 
This discovery generated a search for other biotin dependent 
enzymes, resulting in an extensive literature on the role of 
biotin in a variety of metabolic processes. It also brought 
about a renewed interest in the biosynthesis and metabolism 
of biotin of which extensive coverage is available in 
several review articles 6,7,8 
1.3 CHEMICAL STRUCTURE OF BIOTIN 
The structure of biotin was elucidated by Du Vigneaud and 
his co-workers in 1942 
-4--
The bicyclic structure, shown to be a fusion of an 
imidazolinone ring with a tetrahydrothiophene ring 
containing a five carbon valeric acid chain was demonstrated 
by a variety of methods; permanganate oxidation to biotin 
suiphone 12 and Raney nickel desulphurisation to 
desthiobiotin IS. established the presence of a thioether 
linkage. Strong acid or base hydrolysis at elevated 
temperatures yielded carbon monoxide and a crystalline 
diamino derivative - showing a urea type structure to be 
present. Oxidation with nitric acid yielded adipic acid 16, 
indicating the presence of a five carbon chain unit. The 
structure of biotin shown in Scheme 1 shows the presence of 
three asymmetric carbon atoms and hence the possibility of 8 
stereoisomers. All the isomers have been synthesized by the 
Merck Group 
10, 
 but only d-biotin 2 is biologically active. 
The absolute stereochemistry of biotin was determined by 
x-ray crystallography 	. The analysis revealed that the 
imidazolinone and tetrahydrothiophene rings are fused in a 
cis configuration, producing a boat like structure. The 
ureido ring projects upwards at an angle of 62 degrees with 
respect to the plane formed by the four carbons of the 
tetrahydrothiophene ring and a second plane made by the 
sulphur atom and carbons 2 and 5 project upwards at an angle 
of 37.6 degrees. The five carbon valeric side chain 
attached to C-S of the sulphur ring is cis with respect to 
the ureido ring. 
-;)- 
1.4 BIOLOGICAL FUNCTION OF BIOTIN 
Wright and Skeggs isolated biocytin 9 from yeast 
12  and this 
led to them postulating that biotin existed functionally 
linked via an amide bond to an amino group of a protein 
lysyl residue. This was verified by Lane, 
13  who found that 
biotin was indeed linked in this manner in the prop lonyl 
CoI\ carboxylase enzyme, and this linkage has been 	 - - 
subsequently shown to be true for all biotin enzymes studied 
A number of biotin analogues were synthesized during the 
early years of structural analysis and certain of these have 
since been observed in the culture filtrates of a variety of 
organisms. Some of the analogues shown in Scheme 2 can 
replace the biotin requirement of biotin in certain 
micro-organisms while others, such as oxybiotin 11 have 
been found to be biologically inactive and may act as biotin 
antagonists. The term "total biotin" has been used to 
indicate all natural biotin analogues capable of supporting 
the growth of yeast cells, whilst "true" biotin refers to 
vitamers supporting the growth of Lactobacillus arabinose 
and consists primarily of biotin and biotin-d-sulphoxide 8. 
In early studies on dietary requirements, it was found that 
rats which were fed a well balanced diet to which was added 
a large portion of dried egg white as the source of protein, 
developed a severe dermititis accompanied by nervous 
disorders. 
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In later stages of the disease, the rats adopt a very 
typical kangaroo-like position due to paralysis of the hind 
legs and die if the condition is not relieved. The toxic 
properties of egg white could be destroyed by heat, 
digestion with pepsin, or incubation with hydrochloric acid. 
The neutralisation of the toxic effects of the egg white 
injury by "biotin rich" food supplements led to the 
discovery of Vitamin H by Gyorgy 
14 
 and Du Vigneaud et al 
subsequently identified as biotin. 
In a subsequent study on the in vitro effect of egg white on 
biotin 15,  it was demonstrated that yeast was unable to grow 
in a biotin containing culture medium to which unheated egg 
white had been added. However, steaming of the egg whites 
prior to innoculation with the yeast cells, destroyed the 
toxic properties of the egg white and normal growth was 
observed. 
1.5 BIOTIN -AVIDIN COMBINATION 
Biotin thus combines with one of the constituents of egg 
white to form a stable complex from which it cannot be 
recovered by dialysis. The combination between the active 
material and biotin was stoichiometric and the yeast was 
unable to utilise biotin in the combined form. Eakin et al 
isolated 
15  the active material from egg white and showed it 
to be a glycoprotein to which they assigned the name Avidin. 
The name is derived from "avidalbumin", which literally 
means hungry albumin. 
The high affinity binding constant between the glycoprotein 
avidin and biotin prompted interest into the nature of the 
complex. Once Wakil and Lynen 
16 
 had demonstrated the 
coenzyme function of covalently bound biotin, it became 
clear that avidin could be used as a tool for characterising 
biotin requiring enzymes. Green has studied 
17 
 the nature 
of biotin-avidin binding using various biochemical and 
biophysical methods. However, the reason for the strong 
interaction is not yet clearly understood. It is known that 
the ureido functionality of biotin is required for the 
binding as the pelargonic acids 18, 19 will not bind avidin. 
It is also known that the four tryptophan residues of each 
avidin sub-unit compete for the biotin molecule, which is 
somewhat surprising as tryptophan is generally thought 
to participate in charge transfer complexes or hydrophobic 
interactions. Why in this case tryptophan residues should 
have such an affinity for the ureido group of biotin remains 
uncertain. 
Although the nature of the biotin-avidin complex has not yet 
been fully characterized, the strength of the binding has 
led to extensive use of the complex in biology and medicine. 
One of the most important of these is the isolation of 
biotin derivatised materials by affinity chromatography 13 
Biotin, bound to a macromolecule by its valeric acid side 
chain is still available via its ureido function for 
interaction with avidin 19 	Thus, in addition to biotin 
containing enzymes, biotin derivatised hormones, phages, 
lectins, antibodies, and other proteins can bind with 
avidin. 
S 
If the avidin is immob1ized or covalently bound to a probe, 
the avidin-biotin complex can be used for the localization 
or isolation of the above compounds or their receptors. 
Proteins contain many functional groups, some of which are 
important for their biological activity. Chemical 
modification of an essential group by the indiscriminate 
introduction of biotin may destroy directly or indirectly 
its biological function. However, as biotin can be bound 
specifically to a wide variety of functional groups 
including amines, thiols, imidazoles and sugars via specific 
biotinyl derivatives, the problem of functional inactivation 
due to biotin labelling can be minimised. Typically, 
biotinylation of protein groups can be carried out using 
biotin-N-hydroxysuccinimide ester 
20 
 or the corresponding 
para-nitrophenoxy derivative 21 
1.6 BIOLOGICAL MODE OF ACTION 
The discovery by Wakil and his co-workers 	that biotin was 
an integral part of the acetyl CoA carboxylase enzyme 
indicated that biotin was involved in carboxylation 
reactions. 
Biotin has now been proven to be an essential cofactor for a 
number of enzymes which have diverse metabolic functions. 
Almost a dozen different enzymes use biotin, among the most 
well known are acetyl CoA carboxylase, pyruvate carboxylase, 
prop lonyl CoA carboxylase, urea carboxylase, methyl 
malonyl carboxylase, and oxaloacetate decarboxylase. 
-10- 
The biotin dependent enzymes fall into three functional 
categories, CO2 fixation (carboxylase reaction), CO2  
transfer (transcarboxylase reaction) and CO2 loss 
(decarboxylase reaction). 
-11- 
Biotin serves as a covalent bound 002  carrier in which 002 
is fixed into an acceptor substrate by the carboxylase 
enzyme. This carboxyl group can then be transferred in an 
independent reaction from the donor substrate to a new 
acceptor substrate by transcarboxylases, or the carboxyl 
group can be removed as 002 by the decarboxylase enzymes. 
All the reactions can be subdivided into two defined steps 
which are coupled through a carboxybiotin-enzyme 
intermediate as shown in a generalized manner in Scheme 4. 
These biochemical transformations occur on multienzyme 
complexes. The E.Coli enzyme, acetyl CoA carboxylase, can be 
readily dissociated into its sub-unit structures. These 
22 	 23 have been studied in detail by both Lane 	and Vagelos 
Three distinct functional sub-units have been demonstrated - 
the biotin carboxylase, the biotin carboxyl carrier protein 
and the carboxyl transfer protein. The biotin carboxylase, 
a dimer of 100,000 Daltons, catalyses the carboxylation of 
the biotin carboxyl carrier protein (molecular weight 22,000 
Daltons). The carboxyl transfer protein, which is also a 
dimer of 90,000 Daltons, effects the carboxyl transfer from 
the carboxylated carrier protein, to acetyl CoA forming 
malonyl CoA. 
- 	
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The essential role of biotin in biocatalysis is to transfer 
the fixed CO2 back and forth between two sub-sites. Thus, 
reactions catalysed by a biotin dependent carboxylase 
proceed through a carboxylated enzyme complex intermediate 
in which the coval ently bound biot;nyl prosthetic group 
acts as a mobile carboxyl carrier between two remote sites. 
The biotin prosthetic group is covalently linked to an 
-amino group of lysyl residue of the biotin carrier 
protein. The earlier discovery of natural biocytin 5 by 
Wright and Skeggs 
12  had previously suggested that this was 
the form of attachment of biotin in the biotin dependent 
enzymes. Consequently, the active form of biotin attached 
to the biotin carrier protein can be represented in Scheme 5. 
1.7 MECHANISM OF CARBOXYLATION AND 
DECARBOXYLATION OF BIOTIN 
A question central to the mechanism of biotin carboxylation 
is the structure of the carboxy-biotin intermediate. X-ray 
analysis 
24 
 has shown that the N-3' of the ureido function 
is hindered from reaction by the five carbon side chain of 
the valeric acid, the distance between N-3 and C-6 being 
only 0.28nm. This suggested that if the CO2-transfer 
reaction occurs via the reversible formation of an 
N'-carboxybiotin, then the N-l'  site rather than the N-3 
site must be involved. 
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However, in order to form carboxybiotin, a mechanism is 
required that invokes nucleophillic attack on bicarbonate. 
The ureido functionality of biotin can display keto-enol 
tautomerism (Scheme 6) offering the possibility of 
nucleophil ic attack by either the oxygen 0-2 or ureido 
N-i'  on bicarbonate. Lynen 
25 
 and his co-workers provided 
evidence of N-i'  carboxylation. The relatively unstable 
free carboxybiotin was converted to the more stable dimethyl 
ether, using diazomethane. This derivative was subsequently 
identified as l'-N-methoxycarbonyl-(+)-biotin methyl ester. 
Lynen showed that the same product could be obtained from 
the methylation of previously enzyme bound carboxybiotin, as 
shown in Scheme 7. 
Bruice 
26 
 has argued that carboxybiotin might be formed by 
initial 0-carboxylation via the enol form of the 2'-ureido 
oxygen. He suggested that during the subsequent methylation 
via diazomethane, employed by Lynen, the 0-carboxylated 
product may re-arrange to the more thermodynamically stable 
l - ureido-N-substituted biotin derivative. Lane 
27, 
 using 
the carboxylase and carboxytransferase sub-units of acetyl 
CoA carboxylase in E.Coli, showed that the 1-N 
rnethoxycarbonyl biotinyl acetate obtained chemically by the 
treatment of 1-N carboxybiotin with methyl chloroformate on 
hydrolysis produced l'-N carboxybiotin which acted as the 
carboxyl donor for the carboxytransferase catalyzed 
transcarboxylation of acetyl CoA to malonyi CoA. 
AIR 
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Using x-ray diffraction, Lane 
28 
 compared the ureido 
carbonyl bond in free biotin and in N-1-methoxy-
carbonylbiotin methyl ester (Scheme 7). In 
N-1
I 
methoxycarbonylbiotin  methyl ester (Scheme 7), the 
ureido carbonyl bond is shorter and has more double bond, 
(keto) character than the corresponding bond in free biotin, 
which is longer and has more enol character. Lane concluded 
that on decarboxylation, the ureido carbonyl bond becomes 
more polarized, thereby facilitating the deprotonation of 
N-i and increasing its nucleophilicity. As a result, 
direct carboxylation at N-i t is facilitated. Once 
carboxylated, the carbonyl bond is depolarized, exhibiting 
more keto character and allowing the carboxylated co-enzyme 
to interact with non polar groups. This argument implied 
that the polarization of the ureido carbonyl bond acts as a 
mechanistic switch for the carboxylation and decarboxylation 
of biotin. 
The observation that the carboxylation of prop ionyl CoA by 
the enzyme prop ionyl CoA carboxylase to give 
s-methylmalonyl CoA proceeds with retention of configuration 
at carbon, prompted Lynen 
29 
 to propose that the transfer 
of the carboxyl group from 1-N carboxybiotin to proprionyl 
CoA involves a concerted electrocylic transition state 
(Scheme 8a). Later, mechanistic 30731 and spectroscopic 32 
work has lent support for the concerted route hypothesis. 
MOM 
In contrast, stepwise pathways in which a substrate proton 
is first abstracted and the resulting anion attacks either 
carboxybiotin 
33 
 or the CO2 derived from it 34  (Scheme 8b, 
8c) have been suggested and these proposals (which avoid the 
steric and trajectory problems associated with a concerted 
route) are supported by work with a fluorinated substrate 
33 	 35 analogue 	, and by intermediate trapping experiments 
None of the experimental results, however, distinguished 
unambiguously between the concerted and stepwise pathways. 
Recently, Knowles 
36 
 has reported that enzymatic biotin 
mediated carboxylation is not a concerted process. Knowles 
argues that if the concerted mechanism (Scheme 8a) is 
involved, this involves the breaking of a carbon hydrogen 
bond and the formation of a carbon-carbon bond in the 
transition state, leading to both a 
2 
 H and 13C primary 
kinetic isotope effect. A stepwise pathway would lead to at 
least one of these isotope effects, but may show two if the 
transition states involved in deprotonation and 
carboxylation are rate determining. If only one isotope 
effect was observed, then the reaction must be stepwise, but 
if both are seen then the reaction could be either concerted 
or stepwise. 
Using pyruvate carboxylase (Scheme 9) and [13C,2H3]-pyruvate 
it was argued that if the reaction was stepwise, deuteration 
of the pyruvate would slow the deprotonation step, making 
the subsequent carboxylation step less rate limiting and, 
thus lowering the observed 13C isotope effect. 
P 
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If the reaction is concerted, the reaction rate would be 
slowed, but the overall 
13 
 C isotope effect would remain 
3738 	 13 
unchanged 	' . The observed 	C kinetic isotope effect 
was reduced from 2.3 to 1.4%, suggesting that proton removal 
and carboxy group addition occur in different steps in the 
transcarboxylase catalysed reaction. Although this 
experiment does not distinguish between the two stepwise 
mechanisms (Scheme 8b, 8c), the concerted mechanism (Scheme 
8a) can now be eliminated from further consideration. 
1.8 THE BIOSYNTHESIS OF BIOTIN 
Our present understanding of the mode of action of biotin 
and, indeed, of most water soluble vitamins is much more 
detailed than our knowledge of their synthesis in vivo. 
However, the low yields in which biotin is produced by 
micro-organisms and its water solubility has made it a 
relatively unattractive target for biosynthetic studies. 
Despite these drawbacks, several workers have examined the 
pathway in some detail, and the essentials of the 




 and his co-workers in their attempts to 
elucidate the structure of biotin, isolated two degradative 
products which were to be implicated in the biogenesis of 
biotin. 
-21-
Desthiobiotin 19 was obtained from Raney Nickel 
desuiphurisation of biotin and pimelic acid 16 was isolated 
as a product from the oxidation of desthiobiotin iS with 
nitric acid. Both compounds were shown to exhibit 
"biotin-like" microbiological activity. The pimelic acid 16 
requirement for the growth of the Diptheria bacillus could 
be replaced by biotin and addition of pimelic acid to a 
variety of organisms enhances the production of biotin 
vitamers, i.e. compounds exhibiting biotin like activity. 
Desthiobiotin 15 could replace the biotin requirement of 
yeast and was also f'round to accumulate in the growth medium 
of biotin auxotrophs 39,40 	From these early observations, 
a simplified biosynthetic pathway from pimelic acid to 
desthiobiotin and, hence to biotin, could be inferred. 
The precursorial role of pimelic acid was established almost 
simultaneously by both Eisenberg 41  and Elford and Wright 
42 	
Both fed [1,7 Cl pimelic acid and isolated the major 
radiolabelled products, biotin and desthiobiotin, from 
Phycomyces blakesleeanus and biotin-1-sulphoxide 8 from 
Aspergillus niger . The culture filtrate of P blakesleeanus 
also contained an unknown avidin uncombinable vitamer. 
Therefore, the ureido structure necessary for avidin binding 
was obviously not present in the compound and the vitamer's 
failure to incorporate [35s] sulphate eliminated the 
presence of a tetrahydrothiophene ring, showing the compound 
had an open chain structure. The fact that the vitamer 
incorporated label from [1,7- 14 	pimelic acid suggested 
that it might be an intermediate in biotin biosynthesis. 
-22-
Early hypotheses to account for the properties of this 
vitamer were that it arose by condensation of a three carbon 
unit, possibly serine or alanine, in a manner similar to the 
formation of-amino levulinic acid from succinyl CoA and 
43 glycine during porphyrin biosynthesis 	
. 
Iwahara et al 
44 
 found that desthiobiotin production was 
enhanced on the addition of L-alanine 17 and pimelic acid to 
the culture medium of A niger. 
They subsequently isolated the vitamer and identified it as 
7-Keto-8-aminopelargonic acid, 7-KAPA 18. It was also 
observed 45 that the growth of yeast and A nidulans could be 
supported by 7,8-diaminopelargonic acid, DAPA 19. DAPA could 
arise directly from transarnination of the 7-Keto moiety of 
7-KAPA 18. 
A more direct approach to the elucidation of the biotin 
biosynthetic pathway has been provided by genetic 
techniques. The isolation of biotin auxotrophs of E.Coli by 
chemical mutagenesis enabled two groups of investigators to 
establish four nutritional groups based on cross-feeding 
47 experiments 469 	Eisenberg 	isolated the excretion 
products 14, 18, 19 from the culture filtrates of each of 
the E. Coli blocked mutants and proposed the biotin 
biosynthetic pathway now currently accepted to be used by 
both ECo1i and Achromobacter spp, shown in Scheme 10. 
-23- 
The enzymes catalysing the first three steps have been 
partially purified 48,49 
Several important aspects of the pathway are still in doubt. 
Among these is the origin of the precursor pimelic acid 16. 
Lynen proposed, 
50 
 based on early labelling studies with 14 
CO2 in Ichromobacter that the biosynthetically unusual C-7 
dicarboxylic acid derived pimelate group of biotin was 
constructed from three malonate units, the starter unit 
retaining the CO2 derived carboxylate which became the C9 of 
biotin. 
Malonyl units have been shown to act as starter groups in 
other pathways, such as the biosynthesis of tetracycline 51 
However, in his experiment, Lynen could not locate 40% of 
the label incorporated and consequently the data does not 
exclude other biosynthetic routes, including C2 degradation 
of a higher homologue or C2 addition to a lower homologue. 
Higher homologues of pimelic acid have been shown to 
stimulate biotin production, but this has been attributed to 
,-oxidation 
Ogata et al 
53  found that of several odd numbered chain 
dicarboxylic acids, only glutaric acid appeared to be 
essential for biotin biosynthesis in strains of 
Agrobacterium, whilst pimelic acid was inactive. 
- 	
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Although the investigators mooted the possibility of a new 
biosynthetic pathway to biotin, it cannot be ruled out that 
the organism can activate glutaric but not pimelic acid to 
the CoA derivative and subsequently add a C2 unit. 
Another question remaining unanswered is the mechanism of 
the coupling of 1-alanine 17 and pimelyl CoA to form 7-KAPA 
18. The enzyme catalysing this step has been partially 
purified 
54255
and shown to be specific for 1-alanine and to 
require pyridoxal phosphate as a cofactor. The mechanism of 
this reaction may be similar to the condensation of glycine 
and succinyl CoA catalysed by-amino laevulunic acid 
synthetase 
56, 
 but no labelling studies have been carried 
out to clarify this point. 
1.9 CONVERSION OF DESTHIOBIOTIN INTO BIOTIN 
The most unusual step in the biosynthesis of biotin is 
undoubtedly the conversion of desthiobiotin into biotin. At 
the present time, there are two major unsolved problems 
associated with the nature of this transformation. The 
first is the nature of the sulphur donor. Three groups 
have investigated the ability of various compounds to act as 
sulphur donors. Nimura 
57 
 utilized sulphur starved cells of 
S cerevisia and found that methionine sulphoxide, methionine, 
sodium sulphide, sodium hydrogen sulphate, sodium sulphate, 
homocysteine, S-adenosylmethionine and methyl mercaptan were 
active as sulphur donors, but that cystine, cysteine, 
methionine sulphone, S-methylthioadenosine choline and 
glutathione were inactive. 
-26- 
Administration of 35  labelled methionine to S cerevisia 58 
and A niger 
59 
 yielded radiolabelled biotin and Wright 60  
found that lipoic acid 3 stimulated biotin production in 
A niger. However, the very low level of incorporation of 35 
S lipoic acid into biotin suggested that the stimulation by 
lipoate was not due to a direct role as a sulphur donor. 
The second major problem associated with the conversion of 
desthiotiotin into biotin concerns the mechanism of sulphur 
introduction. The pioneering experiments in this field were 
carried out by Li et al 61  who isolated 14C/3H randomly 
labelled biotin sulphone 12 from randomly labelled 14C/ 3H 
desthiobiotin fed to A-niger. On the basis of these results 
they postulated that approximately four hydrogens might be 
lost in the conversion of desthiobiotin into biotin, which 
could be accounted for by two unsaturation steps in the 
overall mechanism. 
1.10 SYNTHESIS OF PUTATIVE BIOTIN PRECURSORS 
The uncertainties of the results using randomly labelled 
tritiated desthiobiotins prompted certain groups to 
reinvestigate the degree of hydrogen abstraction from 
desthiobiotin in its conversion to biotin. In order to test 
new hypotheses, new syntheses of specifically labelled 
desthiobiotins had to be devised. 
-27-
Parry found that previously published syntheses of 
desthiobiotin 
62163,64 
 proved unsatisfactory when applied to 
the problem of synthesising desthiobiotin labelled 
specifically with tritium, due to the scrambling of the 
label in later stages and consequently developed a new 
stereospecific synthesis of (t)_desthiobiotin that was 
useful for labelling purposes 
65 	
This synthesis is 
outlined in Scheme 11. 
Reduction of S-ethoxycarbonyl-n-pentanoyl chloride 20 
followed by immediate acetalization with para-toluene-
sulphonic acid and ethylene glycol gave the acetal ester 21. 
Reduction with lithium aluminium hydride afforded the acetal 
alcohol 22 which was converted using triphenyl phosphine and 
carbon tetrabromide into the bromacetal 23. Alkylation of 
propyne with 23 in liquid ammonia yielded the acetylenic 
acetal 24. Sodium/liquid ammonia reduction of 24 led to the 
trans acetal olefin 25. The trans acetal olefin 25 was next 
subjected to the stereospecific aziridine synthesis devised 
by Hassner 
66 	
Sequential treatment of 25 with iodine 
azide, triethylphosphite and lithium aluminium hydride 
afforded the trans substituted aziridine 26. Ring opening 
of the aziridine with sodium azide in aqueous alcohol 
followed by alkylation with ethyl chloroformate yielded a 
mixture of the two isomeric azido urethanes 27. Ozonolysis 
of the mixture 27 at -78°C 	 in methanol produced a 
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-29-
Catalytic reduction of the ester mixture 28 gave a mixture 
of the two isomeric amino esters which were treated with 
sodium ethoxide in ethanol to produce the ethyl ester of 
desthiobiotin. Acidic hydrolysis of this ester then yielded 
crystalline (t)_desthiobiotin 14. 
As it was possible that the introduction of sulphur into 
desthiobiotin might involve the removal of a hydrogen from 
any of the five positions, (C-1 to C-5) of desthiobiotin, 
the synthesis was modified to allow the introduction of 
tritium at any of these sites 67,68 
These modifications are outlined in Scheme 12. 
Alkylation of the tetrahydropyranyl ether of propargyl 
alcohol with the bromoacetal 23 yielded the acetylenic 
acetal 29. Deprotection of 29 in aqueous acetic acid 
containing ethylene glycol yielded the propargyl alcohol 30. 
Collins oxidation of 30 followed by reduction with 
[3H]-po tasum borohydride gave the El- 3H]-propargylic 
alcohol 31. Treatment of 31 with mesyl chloride and 
triethylamine in THF generated the corresponding mesylate 
which was not isolated, but immediately reduced with lithium 
aluminium hydride to the [1-3H]-acetylenic acetal 32. 
Reduction of 32 with sodium/liquid ammonia proceeded without 
loss of label to produce the trans olefin 33, bearing a 
tritium label at C-l. The olefin was then converted into 
[ (±)-t -3H11-desthiobiotin by the reactions outlined in 
Scheme 11. 
-30- 
Reduction of the propargyl alcohol 30 with lithium aluminium 
hydride in THF (Scheme 12) gave the trans allylic alcohol 
34. When the reduction of 34 was carried out with 
unlabelled lithium aluminium hydride and the reaction 
quenched with tritiated water, the [3-3H] allylic alcohol 35 
was obtained as expected 
69 	
Reduction of 34 with 
[3H]-lithium aluminium hydride followed by work up with 
unlabelled water was expected to produce the 2-[3H]-allylic 
alcohol 36, but the labelling pattern in 36 proved to be 
less specific than in alcohol 35. Both were converted using 
the chemistry in Scheme 11 to the corresponding labelled 
forms of (+)-desthiobiotin. 
The synthesis of 	 was carried 
out by oxidation of acetal alcohol 22 with Collins reagent 
(Scheme 12). Reduction of 39 with [3H]-borohydride to the 
[1-3H] acetal alcohol 40 - this was converted to the bromo 
compound 41, and then via known chemistry to 
]- ( )-desthiobiotin. 
Finally [s(±)(c-/41 ](t)desthiobiotin was prepared from 4-
ethoxycarbonyl-n-butanoyl chloride by the methods used to 
prepare alcohol 40. Alcohol 41 was converted to the 
corresponding mesylate and the mesylate treated with aqueous 
pottasium cyanide to produce the nitrile 42. 
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-33- 
Basic hydrolysis of 42 followed by reduction with lithium 
aluminium hydride gave the [2-(R,S)-3H] alcohol which was 
converted to the corresponding [ 	_(t)_{c-il]_(t)_desthiobiotin 
in the usual manner. 
The samples of tritiated (+)-desthiobiotin were then each 
mixed with [10-)4C]-()-desthiobiotin 
70 
 and the doubly 
labelled precursors administered to cultures of I-niqer 
using the methods of Li et al 61 • The precursors were not 
resolved as only (+)-desthiobiotin acts as a precursor 
71  . 
After an incubation period of 5-6 days, the biotin produced 
from each precursor was isolated as biotin sulphone 12 and 
converted to biotin suiphone methyl ester. The methyl 
esters were purified by chromatography and re-crystallised 
to constant radioactivity. 
The experiments clearly demonstrated that the introduction 
of sulphur at the C-1 and C-4 of (+)-desthiobiotin takes 
place without the loss of hydrogen from C-2, C-3 and C-5. 
It would, therefore, appear unlikely that unsaturation is 
introduced at any of these sites during the biosynthesis of 
(+)-biotin from (+)-desthiobiotin. However, the possibility 
of enzymatic removal from these positions followed by 
replacement of the hydrogen without exchange cannot be 
excluded. 
-34- 
The incorporation of [1- H]-(+-)-desthiobiotin into biotin 
proceeds with about 30% tritium loss. The nature of the 
reaction associated with the oxidation of the methyl group 
of desthiobiotin is unknown. However, the tritium loss 
observed in the experiment is consistent with the removal 
of one hydrogen atom from the methyl group which exhibits 
little or no isotope effect. The incorporation of 
into biotin proceeded with a 
47% tritium loss. This figure is indicative of the 
stereospecific removal of one hydrogen atom from C-4 of 
desthiobiotin during the formation of biotin. Thus, Parry 
concluded that two hydrogens were removed from 
(+)-desthiobiotin on its conversion to biotin. 
These experiments previously described utilised the 
eucaryotic organsim Aspergillus niger. Biotin is also known 





the desthiobiotin to biotin bioconversion 
in E,-Coli. The French workers synthesized labelled 
desthiobiotins using a different approach. The N,N 
diacetylimidazolinone 44 (Scheme 13) was reduced with [2H] 
triethyisilane in trifluoroacetic acid and the product 
saponified to yield [2,3_2H]_(t)-desthiobiotin, (85% of the 
label at C2, 15% at C-3). Similarly, [2,3-3H]-()-desthiobiotin 
was obtained using [3H]-triethylsilane, in trifluoroacetic 
acid. [5_2H2]_(t)_desthiobiotin was synthesized according to 
Scheme 14. 
-35-
The ester alcohol 45 was converted to its trityl ether and 
reduced with lithium aluminium deuteride to the deuterio 
alcohol 46. The chloride 47 obtained from 46 by the action 
of triphenyl phosphine and carbon tetrachloride was coupled 
to the allylic bromide 48 in the presence of cuprous bromide 
to give the desthiobiotin derivative 49. Reduction of 49 
followed by deprotection gave the deuterated desthiobiotinol 
50 from which [5-2H2]-()-desthiobiotin was prepared by 
oxidation with Heynes catalyst. Each of the labelled 
desthiobiotins were adminstered to an auxotrophic mutant of 
E coli (C124) whose biosynthetic pathway to biotin is 
blocked before desthiobiotin. Administration of 
[2,3-3H]-desthiobiotin in conjunction with [9-14C]-
(t)desthiobiotin gave radioactive biotin which retained all 
the tritium label. The possibility of hydrogen migration 
was ruled out by administration of [2,3-2H]-
(i)desthiobiotin followed by mass spectral analysis of the 
resulting biotin which showed that no loss of deuteria 
occurred from these positions. In a similar experiment with 
[5-2H2]-()-desthiobiotin both deuteria were also retained. 
Finally, administration of [l-2H3]-()-desthiobiotin to 
coli C-124 gave biotin labelled with two deuteria at C-i. 
This observation agrees with Parry's interpretation of the 
change in 3 H to '4C ratio accompanying the incorporation of 
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-37- 
In order to investigate the sterochemical events occurring 
during the sulphur insertion of C-4 of desthiobiotin, Parry 
synthesized 	-tr)J -desthiobiotin 51 (Scheme 15) and 
-desthiobiotin 
75 
 52. The samples of chirally 
tritiated desthiobiotin were again mixed with 
[1O-J4 C]_(t)_desthiobiotin and administered to A niger. 
Isolation of (+)-biotin sulphone 12 purlf ed as its methyl 
ester to constant specific activity and constant 14C/3H 
ratio, showed clearly that sulphur is introduced with the 
loss of the 4 pro s hydrogen atom. Since the absolute 
configuration of (-+-)-biotin at C-4 is known to be S 
76, 
 it 
follows that sulphur is introduced at C-4 of desthiobiotin 
with retention of configuration at that pro-chiral centre. 
This result can be compared with the two other examples of 
sulphur introduction whose stereochemistry has been 
elucidated. It has been established that sulphur is 
introduced at C-6 of octanoic acid during lipoic acid 
biosynthesis with inversion of configuration 
77 
 ,whilst the 
introduction of sulphur at C-3 of valine during penicillin 
biosynthesis has been found to occur with retention of 
configuration 78• 
The stereochemistry observed in the introduction of sulphur 
at C-4 of desthiobiotin suggests that the functionalisation 
mechanism may be a single step process. 
An alternative possibility such as hydroxylation, activation 
and displacement by a sulphur nucleophile would presumably 
result in an inversion of configuration since biological 
hydroxylations at saturated C-atoms are thought to generally 
proceed with retention of configuration 
80 	
Additional 
evidence against the intermediacy of hydroxylated forms of 
desthiobiotin has been provided by Marquet 
81 	
Marquet 
synthesized l-hydroxybiotin 59 and the two epimers of 
4-hydroxybiotin 55 and 56 from the known imidazolinone 82 
53 as shown in Scheme 16. The imid azolinone was acetylated 
and catalytically reduced to give the N,N diacetyl 
derivative 54. Borohydride reduction followed by 
saponification yielded the two epimeric 4-hydroxybiotins 55 
and 56. Imidazolinone 53 could be converted into the 
aldeyde 57 by the method of Zavylov 
82 
 N,N diacetylisation 
and catalytic reduction afforded the aldehyde 58 which was 
again subject to borohydride reduction and saponification to 
yield 1-hydroxydesthiobiotin 59. 
The three forms of hydroxybiotin were evaluated as 
precursors of biotin in E, coli C-124. However, none of 
these compounds supported the growth of this organism. 
Transport studies showed that all three compounds can enter 
the cells, so the absence of growth could not be attributed 
to permeability problems. The dihydroxydesthiobiotin 
derivative 60 was prepared by Emoto et al 
83  and evaluated 











It therefore appears unlikely that hydroxylation takes place 
at C-i or C-4 during the conversion of desthiobiotin into 
biotin. However, one cannot exclude the involvement of 
hydroxylated intermediates that might be tightly bound to 
the enzymes catalysing the introduction of sulphur. 
Prgoni has also studied the sterochemistry of biotin 
formation. Using chirally labelled [l-3H, 2H] desthiobiotin 
he was able to show that introduction of sulphur at the C-i 
position involves complete loss of chiral.ity 114. 
Marquet has reported the isolation of an intermediate "X" 
that apparently lies on the pathway between desthiobiotin 
and biotin 85 
	
Intermediate X was isolated from the 
incubation medium of the E. coli mutant C-124. The compound 
appears to contain sulphur and promotes the growth of 
E. coli and several other E. coli mutants blocked between 
desthiobiotin and biotin. The conversion of tritium 
labelled X, derived biosythentically from 3H desthiobiotin 
into biotin was also established. 
Recently Osakai et al 115 have repeated the isolation of 
the X compound and shown that the material is a mixture of 
N-i'  formyl desthiobiotin and N-11 formyl biotin methyl 
esters which are formed as artifacts in the isolation 
procedure. 
-41-
Subsequently, Lett has prepared the cyclic disulphide 65 
(Scheme 17) 
84 
 from biotin methyl ester sulphoxide 61 by 
using the Pummerer reaction to gain access to the thiolactol 
62. Oxidation of thiolactol 62 to the thiolactone 63 was 
achieved using a mixture of dimethyl sulphoxide, 
trifluoroacetic anhydride and triethylamine. Selective 
saponification of the thiolactone with lithium hydroxide and 
water in situ, protection of the resulting thiol via the 
adduct with phenylvinyl suiphone gave the carboxylic acid 
64. Conversion to the corresponding mesylate and 
displacement with thiobenzoic acid followed by basic 
hydrolysis yielded the cyclic disulphide 65. Although Lett 
suggested that 65 might be an intermediate, no feeding tests 
have been reported to-date. 
The intermediacy of thiol intermediates such as 66 and 67 
(Scheme 18) is attractive on mechanistic grounds since 
insertion of sulphur in a single step would involve 
activation at two separated, saturated sites in a single 
reaction. Whilst the latter reaction has no known 
biosynthetic analogy, closure of a thiol intermediate to 
afford a ring structure is precedented by the ring closure 
86 
of 2-aminoadipoyl cysteinylvaline to isopenicillin N  
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In order to evaluate the thiols 66 and 67 as possible 
intermediates in the desthiobiotin - biotin bioconversion, 
it was necessary to develop syntheses of these compounds 
which would be suitable for the preparation of isotopically 
labelled materials. This thesis describes the development 
of synthetic routes to the thiols and explores aspects of 





In order to study the problem of the mechanistic aspects of 
sulphur insertion into the desthiobiotin skeleton, two 
contrasting approaches were made. The targets were the 
putatative intermediates l-mercapto-(+)-desthiobiotin 66 and 
4-(R,S)-mercapto-(+)-desthiobiotin 67. The aim was to 
synthesize these compounds and evaluate them as possible 
precursors using E.coli C-124, a blocked mutant defficient 
in the enzymes required to synthesize the pelargonic acids, 
KAPP 18 and DAPA 19 from L-alanine 17 and pimelic acid 16, 
but able to convert desthiobiotin 14 via the enzyme biotin 
synthetase into biotin 2. Should either 66 or 67 have a 
precursorial role in the conversion of desthiobiotin into 
biotin, then they should support and promote the growth of 
the C-124 mutant. 
2.2 SEMI-SYNTHETIC APPROACHES TO THE 
MERCAPTO DESTHIOBIOTIN 
The first of our approaches to the thiol intermediates 66 
and 67 was semi-synthetic. It was postulated that these 
compounds might be obtained using a modification of the 
known re arrangement of penicillin sulphoxide as carried out 
86 
by Hatfield and his co-workers  
-45-
The conversion of penicillin sulphoxides to cephalosporins 
by the Mor in re-arrangement 
87 
 in xylene at a 130( 
with trace para-toluene sulphonic acid is a well known 
reaction. Evidence suggests 
88 
 that penicillin sulphoxide 70 
undergoes ring opening via a thermal 
re arrangement to form a sulphenic acid intermediate 71 
(Scheme 19), the fate of which depends on the reaction 	 - 
conditions. 
A variation on this re-arrangement was discovered by 
Hatfield et al 
86 	
Penicillin sulphoxide 72 (Scheme 20) was 
treated with trimethyiphosphite in refluxing benzene. 
Under these conditions, the sulpheiiic acid 71 intermediate 
was reduced to the free thiol 73, the fate of which was 
dependent on the reaction conditions. If a trace of acetic 
anhydride was present in the reaction mixture, the thiol 
could be trapped to form the thiolacetate 74. If no acetic 
anhydride was present, then intramolecular nucleophillic 
attack on the side chain amide carbonyl by the intermediate 
thiol and subsequent dehydration afforded the thiazole 75. 
By applying Hatfield's conditions to a biotin sulphoxide 
derivative it was hoped that the tetrahydrothiophene ring 
of biotin could be thermally opened to afford access via 






















Scheme 21 shows the three hypothetical mechanisms for 
the formation of the three dehydrothiolacetates 76, 77 
and 78 which might be produced if the stereochemistry 
allowed the thermal 1,5 sigmatropic re arrangement to the 
suiphonic acids, subsequent reduction to the free thiols and 
trapping of the thiol as the thiolacetates. 
As the key step in the suiphoxide re-arrangements under 
Hatfield's reaction conditions were carried out in refluxing 
benzene, the first problem encountered was that neither 
biotin suiphoxide 8 or biotin sulphoxide methyl ester 
were sufficiently soluble in refluxing benzene, toluene 
or xylene to carry out the reaction. The insolubility of 
molecule is conferred by the presence of the ureido function 
and consequently derivatisation of the free NH groups was a 
prerequisite to subjecting it to Hatfield's conditions. 
(+)-Biotin 2 was firstly esterified in a 90% yield to its 
corresponding methyl ester 79 using either diazomethane or 
by refluxing overnight in 3% hydrochloric acid-methanol. It 
was elected to protect the amide nitrogens as the N--acetyl 
derivatives since this would allow subsequent removal of all 
of the protecting groups by mild base hydrolysis. 
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N,N-diacetylation proved impossible under a variety of 
conditions; acetic anhydride/pyridine, acetic 
anhydride/acetic acid, acetic acid/sodium acetate and 
acetylchloride/triethylamine all 	failed to produce the 
N,N - diacetate in appreciable yield. The mono-N-acetyl 
derivative 80, however, could be obtained in a 88% yield 
from 79 by heating biotin methyl ester 79 at 40 
0( 	
in 
acetyl chloride for three hours. Presumably, the N,N 
diacetate is difficult to form for similar reasons to those 
previously mentioned re the carboxylation of enzyme bound 
biotin. 
The five carbon side chain of biotin sterically crowds the 
N-3 position of the ureido ring, not allowing it to ukLc-c 
the acetyl chloride. 
Attempts to diacetylate the isolated monoacetyl biotin 
methyl ester 80 proved 	 9 5t under forcing 
conditionssur,ie diacetylated product was formed. This was 
always accompanied by concomitant decomposition of the 
starting material. 
It has been assumed here that N-1-acetylation takes place 
on the least sterically hindered nitrogen. The alternative 
possibility of 0-acetylation via the amide enol tautomer can 
be excluded by the 'H nmr of the monoacetylated product 
which showed an acetyl methyl singlet resonance at 2.45ppm. 
-50- 
The oxidation of the cyclic sulphide 80 was accomplished 
using MarqueUs modification of the procedure 89  of Johnson 
et al 
90 	
Oxidation of 80 using sodium metaperiodate in a 
water/methanol mixture yielded, after work up, a mixture of 
the diastereomeric R and S sulphoxides (70:30) respectively. 
These could be separated by dry column flash chromatography 
on silica gel and their configurations were deduced from 
their respective proton nmr assignments. 
The N-acetyl biotin methyl ester-(S)-sulphoxide 81 was 
distinguishable from N-acetyl biotin methyl ester-
(R)-sulphoxide 82. Marquet had shown in an earlier nmr 
study of biotin sulphoxide and some tetrahydrothiophene 
derivatives of related geometry 91  that the conformation at 
sulphur could be deduced from the coupling constants of the 
H-2 and H-3 protons of the tetrahydrothiophene ring, 	and 
to the sulphur respectively. 
In the spectrum of the (S)-sulphoxide 82 the C-2 methylene 
protons are equivalent and are observed as a doublet 
(3J2,3,5.6Hz) at 3.38 ppm. In the spectrum of the 
(R)-sulphoxide 81, the two C-2 proton resonances are widely 
separated and non-equivalent. The signal for the 2-pro S 
proton (dd, 2Jgem, 15.9 Hz, 3123 7.6Hz) being observed at 
2.88 ppm and the 2-pro R proton, deshielded by the 
sulphoxide oxygen resonating at 3.73 ppm (d,2Jgem, 15.9Hz). 
-51- 
Although the sulphoxides were separated, Oae 92  has shown 
that sulphoxides racemise through a tetrahedral S-acetoxy 
intermediate when heated with acetic anhydride or 
alternatively thermally via a trigonal intermediate at high 
temperatures in inert solvent. Thus, it was not considered 
necessary to separate the mixture of the R and S sulphoxides 
for the Hatfield-type re arrangement experiment. 
A 70:30 mixture of N-acetyl biotin methyl ester sulphoxides, 
2.2 equivalents of trimethyl phosphite and a few drops of 
acetic anhydride were refluxed in dry benzene according to 
the method of Hatfield 86 	T.l.c of the reaction mixture 
after forty eight hours revealed the presence of starting 
material only, so as the reaction we were anticipating was a 
thermal 1,5 sigmatropic re-arrangement, refluxing toluene 
was tried as a higher boiling inert solvent. Refluxing for 
forty eight hours in toluene with trimethyl phosphite and 
acetic anyhdride as before produced two less polar products. 
The two isomeric products; N-acetyl-2,3-dehydrobiotin methyl 
ester 83 and N-acetyl 5,6-dehydrobiotin methyl ester 84 
were formed in a 1:0.8 ratio respectively and were readily 
separated by dry column flash chromatography on silica gel. 
-52- 
Hydrogenation of both 83 and 84 using 10% palladium on 
charcoal in ethyl acetate afforded N-acetyl biotin methyl 
ester 80. The location of the double bond in 2,3-deyhdro 
N-acetyl biotin methyl ester 83 was elucidated from its 13C 
and 'H nmr spectra. The DEPT 	13C nmr spectrum of 83 
showed a single olefinic methine resonance at 128.85 ppm 
while it its 'H nmr spectrum, the characteristic pattern for 
the H-2 and H-3 protons of the suiphoxide spectrum was 
replaced by a lH doublet (H-2, J,3.25Hz) at 6.40 ppm. 
From the structure of 83, it is not immediately apparent why 
the H-2 proton should be a doublet. Irradiation at the H-4 
of 83, a doublet of doublets of doublets (J=7, 3.25'3Hz) in 
which the smallest coupling constant reflects coupling to 
the ureido N-3 amide hydrogen, resulted in collapse of the 
H-2 signal to a singlet. Conversely, irradiation of the H-2 
methine resonance did not affect the H-S coupling pattern, 
but resulted in the collapse of the H-4 signal to a doublet 
of doublets. Thus, the H-2 of N-acetyl-2,3-dehydrobiotin 
methyl ester 83 shows an allylic (2 bond) proton coupling to 
the H-4 of H-2 of 3.25 Hz. 
The presence of an exocylic i- 5,6 double bond in 
N-acetyl-5-6-dehydrodesthiobiotin methyl ester 84 was 
evident from the observation in the 'H nmr spectra of a 
triplet at 5.64 ppm, (H-6, 37Hz) which collapsed to a 
singlet on irradiation of the complex methylene resonances 
at 2.00 ppm. 
-53- 
Assignment of the more thermodynamically stable trans 
stereochemistry for 84 follows from the observation of a 
nuclear Overhauser enhancement (n.0.e.) of the N-3 signal 
(10%) on irradiation of the olefinic proton frequency. 
Similarly, irradiation of the latter signal led to an 
enhancement of the olefinic peak (5%). 
The broad band proton decoupled and the DEPT 	13C 
spectra showed a quaternary signal at 14026 ppm for C-5 of 
84 and anolefinic methine resonance at 124.23 ppm for C-6, 
confirming the structure of 84. 
Reaction of the suiphoxide derivatives 81 and 82 under 
varying conditions; acetic anhydride/toluene, trimethyl 
phosphite/toluene or para-toluene suiphonic acid/xylene 
similarly afforded 83 and 84 as the major products in 
similar ratios to the original reaction conditions. No ring 
open species from a thermal 1,5 sigmatropic re arrangement 
could be detected in the reaction mixtures. 
Since neither 83 or 84 can be accounted for by a thermal 
re arrangement mechanism, a different mechanism must be 
implicated. The oxidation of the positions 	to the sulphur 
of the tetrahydrothiophene ring in the formation of both 
products suggests that a Pummerer 93  type re arrangement 
process is involved in the formation of 83 and §. 
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The Pummerer re arrangement can be broadly defined as one in 
which a suiphoxide bearing an acidic0-hydrogen is reduced 
to a sulphide with concomitant oxidation of the (-carbon. 
Formation of 83 and 84 seems most likely to occur via 
formation of the S-OR derivative where R = acetyl, trimethyl 	- 
phosphite, p-toluene sulphonate. 
Base abstraction of the acidic ,--, proton would yield the 
isomeric dihydrothiophenium cations 85 and 86. Subsequent 
loss of a proton from either the 2 and 6 positions affords 
83 and 84 respectively, as outlined in Scheme 23. 
As previously discussed, Lett applied Pummerer re arrange-
ment conditions to biotin suiphoxide methyl ester 84 61. 
The reaction of 61 with 3.7 equivalents of trifluoro 
acetic anhydride in alcohol free chloroform and subsequent 
quenching with base afforded the thiolactol 62. 
Presumably, Lett's Pummerer re arrangement must proceed via 
the intermediate dihydrothiophenium cation 86 as the 
reactive intermediate. 
-56-
Instead of a proton abstraction to afford the 
dehydrothiophene ring, the cation is quenched by 
trifluoroacetate to yield the o'..-trifluoroacetate derivative 
which on subsequent treatment with base yields the 
hydrolysis product, the thiolactol 62. Lett isolated the 
thiolactol 62 in a 59% yield from (+)-biotin and this is the 
sole product claimed in his report. As no 5-hydroxybiotin 
methyl ester was reported, we can assume that under his 
conditions the dihydrothiophenium cation 85 was not formed 
in significant amounts. As the H-2 and H-5 protons are 
chemically identical with respect to the sulphoxide and the 
5-hydroxy product was not detected, the H-5 position must be 
rendered less reactive through steric crowding. 
Therefore, the base abstracts the thermodynamically 
preferential H-2 proton to afford the 2-hydroxy product by 
formation of the 1,2-dihydrothiophenium and not the 
1,4-dihydrothiophenium ion. In the case of the monoacetyl 
derivatives 81 and 82, abstraction of the H-2 proton is 
also hindered by the presence of the N-acetyl functionality 
and it can be conjectured that in this case formation of 
either dihydrothiopheniurn intermediate is equally likely. 
Steric hindrance to attack by carboxylate anion at both C-2 
and C-5 can also be inferred since no acylated nor 
hydroxylated products were detected in the reaction 
mixtures. 
-57- 
Alkaline hydrolysis and subsequent purification by ion—
exchange chromatography of 84 afforded 5,6-dehydrobiotin 85. 
The compound was evaluated for biotin like activity by its 
effects on the growth of an E.coli bio A mutant (strain 
6435) which lacks the ability to catalyse the transamination 
of 7-Keto-8-amino-pelargonic acid 18 to 7,8-
diaminopelargonic acid 19 and, hence, unable to grow on 
minimal medium without 7,8-diaminopelargonic acid 19, 
desthiobiotin 14 or biotin 2. Supplementation with 5,6-
dehydrobiotin 85 at concentrations approximately tenfold 
higher than the minimum biotin concentration required for 
growth (10 ug/mi) supported normal growth of the mutant 
indicating that the dehydro-analog can function as a biotin 
replacement factor for E.coli. 
No indication of antagonistic activity at lower 
concentrations was evident. 5,6-dehydrobiotin appears to 
have similar vitamer activity to selenobiotin 14 117 
Model building studies indicate that in comparison with 
biotin, the presence of the 5,6 double bond in 85 has little 
effect on the C6-H--N'3 interatomic distance nor on the 
effective length of the extended carboxylate side chain. 
Our results suggest that the presence of the 5,6 double bond 
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-59- 
2.3 SYNTHETIC APPROACHES TO 1-MERCAPTO (t) DESTHIOBIOTIN 
As our putative intermediates 1-mercapto-(+)-desthiobiotin 
66 and 4-(R,S)-mercaptodesthiobiotin 67 could not be 
prepared by our proposed semi-synthetic route, it was 
decided that a direct synthetic route would be attempted. 	- 
There are many elegant stereochemically controlled routes to 
()-biotin in the literature 627
63764797798 	
However, all 
of these syntheses involve assembly either from compounds 
containing an intact thiophene or tetrahydrothiophene ring, 
or from starting materials unsuitable for the introduction 
of a sulphur isotope. 
l-.oxo-dehydrodesthiobiotin ethyl ester 57, which had 
previously been prepared by zavylov 
99 
 ,appeared to us to be 
a suitable, modifiable synthetic intermediate to 
l_mercapto(±)desthiobiotin 66, provided that hydrogenation 
of the tetra- substituted double bond and reduction of the 
aldehyde functionality to a thiol could be achieved. 
The synthetic scheme to 1-oxo-dehydrodesthiobiotin ethyl 
ester 57 is summarised in Scheme 24 and was carried out as 
follows. 
IM 
Condensation of a well ground mixture of (t)tartaric acid 
and urea in the presence of concentrated sulphuric acid at 
80 affords imidazolinone-4(5)-carboxylic acid 89. 
Decarboxylation to give 2-imidazolinone 90 could be achieved 
either by high temperature vacuum sublimation or by 
refluxing with equimolar amounts of pc tacsium carbonate in 
water. Duschinsky and Dolan had previously shown 100  that 
2-imidazolinone 90 would undergo a Friedel-Crafts acylation 
to afford 5-carbethoxyvaleryl-2-imidazolinone 92. Adipic 
acid monoethylester was converted into adipic acid chloride 
monoethylester 91 by refluxing in excess thionyl chloride 
for half an hour. 90 and 91 were then added to a mixture of 
anhydrous aluminium trichioride in dry nitrobenzene and 
heated at 65 degrees for four hours. 
An aqueous work up yielded 92 in a yield of 44%. Reduction 
of the c.fl unsaturated ketone 92 with sodium borohydride in 
methanol yielded exclusively the 1,2 addition product, the 
allylic alcohol 93, in 62% yield. The allylic alcohol was 
treated with one equivalent of piperidine and 
paraf'ormaldeyhde in refluxing methanol to form the Mannich 
base adduct 94. This was not isolated, but converted 
directly into the desired 1-oxo-dehydrodesthiobiotin ethyl 
ester 57 by hydrolysis in glacial acetic acid followed by 
purification by dry column flash chromatography and 
recrystallisation from ethyl acetate. 
p-.-.- IL / 
0 	 0 































With the preparation of 57 secure we were now in a position 
to tackle the conversion of this material to the thiol 66. 
This requires two principal steps: the reduction of the 
tetrasubstituted double bond and the conversion of aldeyde 
group to a primary mercaptan. 
- substituted double bonds have been shown to be 
101 
difficult to hydrogenate 	. Duschinsky and Dolan had 
previously prepared 4-keto-dehydrodesthiobiotin ethyl ester 
53 and shown that hydrogenation of this substrate under 
hydrogen in glacial acetic acid at room temperature and 
pressure using an equal weight of pre-reduced rlatinum oxide 
(Adams catalyst) yielded dehydrodesthiobiotin ethyl ester 62  
96. 	Under these conditions the o(-keto functionality of the 
molecule was more susceptible to hydrogenolysis than the 
imidazolinone double bond was to hydrogenation. 
This also proved to be the case with 1-oxo-dehydro- 
desthiobiotin ethyl ester 57. Attempted hydrogenation of 
the molecule under the above conditions also yielded 
dehydrodesthio5iotin ethyl ester 96 exclusively. 
Interestingly, the reaction requires the uptake of two molar 
equivalents of hydrogen to hydrogenolyse the aldehyde to a 
methyl group and the reaction, although complete in sixteen 
hours7 appeared to proceed in two distinct phases. On 
introduction of 57 to the pre-hydrogenated Adams catalyst, 
the first mole of the uptake was complete after about five 
hours. 
-64- 
Work up of the reaction mixture after five hours and the 
nmr analysis of the product mixture did not, however, reveal 
the presence of any intermediate allylic alcohol which might 
have been expected from the uptake of one mole of hydrogen 
by the aldehyde. 
The difficulty associated with hydrogenating the 
tetra-substituted imidazolinone double bond has been 
62 
graphically illustrated by Duschinsky and Dolan 	. The 
benzyl ester of 53 was hydrogenated over Adams catalyst 
using the aforementioned conditions and the uptake of five 
molar equivalents of hydrogen resulted in hydrogenolysis of 
the 4-keto functionality to a methylene and catalytic 
hydrogenation of the benzene nucleus to cyclohexane, the 
imidazolinone double bond remaining intact. 
Duschinsky and Dolan were the first to postulate 
102
that 
the aromatic nature of the imidazolinone nucleus made it a 
difficult target for hydrogenation. Derivatisation of the 
imidazolinone nitrogens, they reasoned, would reduce the 
"ring current" and decrease the aromaticity of the nucleus, 
hence, rendering hydrogenation of the double bond more 
facile. This, indeed, proved to be the case. Hydrogenation 
of 4-oxo-N,N-diacetyldehydrodesthiobiotin ethyl ester 103 




 has previously reported that the double bond of 
1-oxo-N,N-diacetyl desthiobiotin ethyl ester 98 can be 
reduced with 10% palladium on charcoal in dioxn under 
relatively mild conditions. However, due to the presence of 
an epimerisable centre,c< to the aldehyde, generated by the 
hydrogenation of the double bond, a mixture of cis and trans 
1-oxo-N,N-diacetyl desthiobiotin ethyl esters 58 was 
obtained in a roughly 60:40 ratio. 
	
(4 '-1_Hydroxy_ 	desthiobiotin 59 had previously been 
synthesized by Marquet et al 
81 
 by this route. After 
hydrogenation of 1-oxo-N,N-diacetyl-dehydrodesthiobiotin 
ethyl ester 98 subsequent reduction of the separated cis 
aldehyde using sodium borohydride and base hydrolysis 
followed by ion exchange chromatography, 
(±)-1-hydroxy- 	desthiobiotin 59 was synthesized. 
The disadvantages of this route for our purposes were first 
that it required two separate reductions, the second of 
these, the borohydride reduction, giving mixtures of the 
mono and diacetylated alcohols as well as an 0-acetyl 
derivative, which the authors presumed 81 was obtained from 
transacetylation of the hydroxy function by the neighbouring 
N-acetyl group. 
Second, as the product obtained from the hydrolysis of the 
reaction mixture was the free acid and not the ester, this 
would have made any subsequent modifications of the carbon 
skeleton, to give the required thiol functionality, difficult 
to carry out without re-esterif'ication of the free acid. 
As material was limited at this stage of the synthesis, we 	- 
were unwilling to embark on a route which required multiple 
manipulations. We reasoned instead, that catalytic 
reduction of 98 under conditions intermediate between those 
employed by Duschinsky and Dolan 
62 
 and by Marquet 
81
should 
increase the rate of hydrogenolysis of the aldehyde group 
with respect to the rate of reduction of the double bond and 
might result in direct formation of the desired 1-hydroxy 
N,N-diacetyl desthiobiotin ethyl ester 100 in manageable 
yield. 
After considerable tuning of reaction conditions, it was 
found that reduction of l-oxo-N,N-diacetyl 
dehydrodesthiobiotin ethyl ester 98 at room temperature and 
pressure, in glacial acetic acid with 50% by weight of 
pre-hydrogenated Adams catalyst resulted in a mixture of 
three products; N,N_diacetyl(±)desthiobiotin ethyl ester 99, 
N,N-diacetyl dehydrodesthiobiotin ethyl ester 96 and the 
desired l-hydroxy-N,N_diacetyl(i)desthiobiotin ethyl ester 
100 in 11, 17 and 40% yields respectively (Scheme 25). The 
products were separated from the reaction mixture by dry 
column flash chromatography. 
-67- 
Shaking small amounts of 96, 99 and 100 with bromine in 
carbon tetrachloride resulted only in discolouration by 96, 
indicating that this product possessed a double bond. 
The 13C 	DEPT spectra of 99 revealed the presence of 
five methylene, two methine and four methyl carbons. 
Selective irradiation at 1.20ppm in the centre of the 
H-1-methyl doublet in the 1H nmr spectra of 99 collapsed the 
multiplet signal corresponding to H-2 and H-3 to a doublet 
(J9.4Hz) and a multiplet respectively. The H-2, H-3 
coupling constant confirmed the cis configuration of 99. 
Irradiation in the centre of the H-2, H-3 multiplet resulted 
in a 3 proton singlet at 1.20ppm. 
The structure of 
ethyl ester 100 was elucidated in a similar manner. The H-2 
proton in the 200MHz proton spectra of 100 appeared as a 
doublet of doublet of doublets, resulting from a large 10Hz 
cis coupling to the H-3 methine proton and a smaller 5Hz 
coupling to the equivalent methylene protons. The H-i 
methylene hydroxy proton appeared as a triplet at 3.12 ppm, 
35.1Hz). Infra red spectroscopy showed the loss of the 
unsaturated aldehyde carbonyl frequency at 1750 cm' 
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This direct method had, therefore, obvious advantages over 
Marquet's method, in both overall yield and stereo-
specificity. We can rationalise the lack of epimerisation 
at H-2, if we assume that under the reaction conditions 
employed, the relative reaction rates for hydrogenolysis of 
the aidehyde and for hydrogenation of the double bond are 
roughly equal. If the rate of hydrogenation had been faster 
than that of hydrogenolysis, we would have expected to 
isolate the saturated aldehyde 58 as the major product. Had 
this been formed in glacial acetic acid, rapid epimerisation 
of the 2 position resulting in the isolation of trans 
isomers in the final product mixture would be expected. This 
clearly was not the case and when attempts to isolate the 
reaction intermediates at varying times along the reaction 
coordinate were made, only the three final products 96, 99 
and 100 were isolated. 
Having achieved the synthesis of the target diacetylated 
alcohol 100, the next step was to convert it to the 
corresponding thiol 66. For this, it was decided to proceed 
via the corresponding tosylate. Tosylation was carried out 
with four equivalents of tosyl chloride in dry pyridine with 
a catalytic amount of dimethyl amino pyridine at -50c. 
The reaction was monitored by both t.1.c and by I.R 
spectroscopy. A small amount of the reaction mixture was 
poured on to 1M hydrochloric acid and extracted with ether, 
the ether layer was washed and dried and the resulting oil 
was transferred to an IR plate. 
-70- 
The disappearance of the hydroxyl stretching frequency at 
3440 cm -1  associated with the alcohol 100 and the 
appearance of the two S=0 stretches associated with the 
tosylate (1365 and 1185 cm) could be noted. After 72 
hours, when no significant hydroxyl absorption was evident 
in the IR , the reaction was terminated to afford 
l-*osyiN,N_diacetyl(t)_desthiobiotin ethyl ester 101. 
The 1H nmr spectra of 101 showed a doublet of doublets for 
both the H-2 and H-3 protons 	
23 
 10Hz  J 17 7Hz) 	213 10Hz 
354 6Hz) and not the expected doublet of doublets of 
doublets arising from coupling with the H-1 and H-4 protons 
respectively. Model studies suggest that this may be due to 
restricted rotation about the C-i, C-2 bond due to steric 
hinderance of the bulky tosyi group. 
The tosylated compound, however, proved relatively unstable 
and was not fully characterised. After purification via 
gradient elution dry column flash chromatography 1-tosyl—
N,N-diacety1()desthiobiotin ethyl ester, 101 in a 54% 
yield as a low melting point solid was achieved. 
-71- 
The next step in our synthesis required displacement of the 
C-i tosylate group by a sulphur nucleophile which could 
subsequently be manipulated to afford a free thiol. Earlier 
work in this laboratory on the synthesis of [3-'3C] 
L-cysteine had made use of the anion of benzyl mercaptan to 
introduce a benzyl protected thiol function. Addition of the 
tosylate to a solution containing the anion of benzyl 
mercaptan, generated from benzyl mercaptan in sodium 
ethoxide and dry ethanol 104, resulted, however, in the 
decomposition of starting material. It seems likely, in 
this case, that attack of the highly nucleophilic anion at 
the carbonyl carbons of 101 is competitive with displacement 
of the tosylate at C-i, and this suggested that a less 
nucleophilic sulphur anion was required. 
Displacement of tosylates with the less nucleophilic 
thiolacetate anion has been well documented 105,106 
Since in principal deprotection of the resultant thioacetate 
should present no difficulty, this approach was tried. 
Addition of 1.5 equivalents of po tium thiolacetate (98%) 
to a stirring solution at room temperature of the tosylate 
in dry dimethylformamide resulted in a dark green colour 
which gradually faded after twelve hours to afford a light 
brown liquid containing a precipitate. 
-72- 
After work up and purification via dry column flash 
chromatography, 1-thioacetyl-N,N-diacetyl()desthiobiotin 
ethyl ester 102 was isolated as a yellow oil in a 82% 
overall yield from the tosylate. 
The compound was characterised from its nmr, infra red, and 
mass spectra. The 1  H nmr spectra of the thiolacetate 102 
showed a multiplet and a doublet of doublet of doublets for 
H-2 and H-3 at 4.15 and 3.88ppm respectively. The methylene 
sulphur H-1 protons appeared as an b\BX system JB=8HZ 
JAX=1OHZ and aromatic protons of the tosyl group were 
replaced by a three proton singlet at 2.25 ppm. The 13  C 
DEPT spectra confirmed the presence of a methylene 
sulphur linkage at 33.54 ppm and two methine carbons, C-2 
and C-3 at 54.78 and 54.32 ppm respectively. All of the 
expected 18 carbon resonances were present in the proton 
noise decoupled 
13 
C spectra including the five quaternary 
carbon signals. The mass spectra of 102 gave a molecular ion 
at the expected 400 amu and an accurate mass measurement 
gave a molecular formula of C18 H28 N2 06 S. 
It now only remained to deprotect 102 to convert it into the 
desired product, l-mercapto()desthiobiotin 66. 
-73- 
N,N_diacetyl(t)desthiobiotin ethyl ester 99 had been 
deprotected to give the corresponding (t)desthiobiotin 14 
74 
by Marquet et al 	Their method involved base hydroloysis 
and purification by ion exchange. The protected thiol 102 
was stirred for two hours in 2N sodium hydroxide, the pH 
adjusted to 8.5 and the reaction mixture was applied to a 
suiphonic acid cationic exchange resin. The thiol, however, 
did not elute from the column using a formic acid gradient 
which had been employed by Marquet74 for the purification of 
99. For the elution of 66 from a sulphonic acid resin, it 
proved necessary to use a basic eluant consisting of 
ethanol, water, ammonia (50:30:20) which had previously been 
employed by McLauchlan 
120 	
The non alkaline fractions were 
pooled, spotted on filter paper and sprayed with 
nitroprusside solution 
107 	
The nitroprusside positive 
fractions were pooled and the sample was lyopholised to 
yield the product as a yellow oil which solidified on 
refrigeration. 
The existance of 66 as its sulphur dimer was ascertained 
from its positive ion F.A.B mass spectrum and by 13C nmr 
spectroscopy. 
The positive ion F.r\.B spectrum of 66 (glycerol) gave a 
molecular ion at 491 amu (M+l), indicative of a monomer 
molecular weight of 245 amu (Biotin + 1). 
-74- 
13 
The 	C 	DEPT nmr spectra, two methine resonances at 
57.27 and 57.10 ppm respectively (C-2 and C-3) and six 
methylene resonances. The presence of a methylene signal at 
42.97 ppm indicated the presence of an oxidised primary 
thiol (-CH2-S-S-CH2-) moiety 118 	The proton noise 
decoupled '3C spectra revealed the expected ten carbon 
resonances including the two quaternary carbonyl resonances 
associated with the ureido and carboxylic acid groups at 
183.96 and 164.45 ppm respectively. The infra-red spectrum 
of 66 showed absorptions at 3300, 1710 and 1580 cm' from 
the NH, OH (acid) acid and ureido carbonyls. 
l-mercaptc±)desthiobiotin was biologically assayed by 
assessing its effects on the growth of the E. Coli bio A 
mutant (strain 6435) which lacks the ability to catalyse the 
transamination of 7-keto-8-amino pelargonic acid 18 to 
7,8-diamino pelargonic acid 19 and, hence, unable to grow on 
minimal medium without 19 desthiobiotin 14 or biotin 2. 
Supplementation with 1-mercapto (t) desthiobiotin at 
concentrations one hundred fold higher than the minimum 
desthiobiotin concentration required for growth (loug/ml) 
supported normal growth of the mutant, indicating that 
l-mercapto-desthiobiotin can function as a biotin 
replacement factor toLColi. 
-75- 
This result would appear to indicate that 1-mercapto 
desthiobiotin is either a vitamer or possible precursor to 
biotin in E.Coli. Enzymatic desulphurisation to 
desthiobiotin is a possibility, i.e. that 1-mercapto-




 reported the synthesis of 
1-mercaptodesthiobiotin and reported that the label was lost 
during the biotransformation of desthiobiotin into biotin. 
However, the results of this have not been published. 
As our first target, the synthes is of 1-mercapto 
()desthiobiotin 66, had been achieved, it now remained to 
devise a synthetic strategy for total synthesis of the other 
putative thiol precursor, 4-mercapto()desthiobiotin 67. 
2.4 SYNTHETIC APPROACHES TO 4-(R,S)-MERCAPTO-()-DESTHIOBIOTIN 
Our experiences in the synthesis of 66 led us to believe 
that if 1-oxo-N,N-diacetyl dehydrodesthiobiotin ethyl ester 98 
could be hydrogenated under specific conditions to yield 
l_hydroxy_N,N-diacetyl(t)desthiobiotin ethyl ester 100, 
then 4-Keto-N,N-diacetyl dehydrodesthiobiotin ethyl ester 
103 might be reduced under similar conditions to afford the 
corresponding 4-(R ,S)-hydroxy-N, N_diacetyl(t)desthiobiotin 
ethyl ester 104. 
-76- 
Conversion of the hydroxyl to the thiol could then be 
accomplished using similar chemistry to produce 4-
(R,S)-mercapto-()-desthiobiotin 67, as shown in Scheme 25b. 
4-oxo-N,N-diacetyl dehydrodesthiobiotin 103 was prepared by 
the route shown in Scheme 26. 
Ethyl acetoacetate 105 was converted into 4-methyl-5-
carbethoxy-2-imidazolinone 108 by the method of Adkins and 
Reeve 
105• 
Ethyl acetoacetate 105 was converted into ethyl 
acetoacetateo(-oxime by the addition of sodium nitrite and 
glacial acetic acid at low temperature. Catalytic 
hydrogenation of the oxime in acidic media at room 
temperature and pressure over 10% palladium on charcoal 
yielded the intermediate -amine, 107 which was not isolated 
but treated with an acidic solution of pot assum cyanate to 
afford the cyclised product 4-methyl-5-carbethoxy-2-
imidazolinone 108 as a crystalline solid. 
In order to carry out the Friedel Crafts reaction at the 5 
position of the imidazolinone ring, the ethyl ester had to 











There are two methods in the literature, both documented by 
Duschinsky and Dolan 
62 	
The first involves heating the 
ester with one equivalent of barium hydroxide and 
precipitation of the excess barium with sulphuric acid. The 
second involves heating for 48 hours with iN sodium 
hydroxide, evaporation of the solution and extraction of the 
residue with hot alcohol. We could not separate the products 
from the reactants using either of these procedures, so we 
turned to the method described by Zav'yiov 
99 
 for the 
decarboxylation of 2-imidazolinone 90. The ester 108 was 
refluxed for 312 hours in aqueous pot aium carbonate and the 
volume reduced by evaporation of the reaction mixture 
leading to the preferential crystallisation of 4-
methyl-2-imidazolinone 109. This material, after drying, 
could be used directly for the Friedel Crafts acylation with 
adipic acid chloride mono ethyl ester 91, which was achieved 
using the method of Duschinsky and Dolan 
62  to afford 
4-keto-dehydrodesthiobiotin ethyl ester 53 in a 48% yield 
from the starting imidazolinone 109. 
In order to test our synthetic methodology, diacetylation of 
the imidazolinone nitrogens had to be accomplished at this 
stage. 
-79- 
We had previously reasoned that hydrogenation of 103 over 
Adams catalyst in acetic acid would result in partial 
reduction of the-keto functionality to a hydroxy group and 
concomitant hydrogenation of the imidazolinone double bond. 
Accordingly, 4-keto-N,N-diacetyl dehydrodesthiobiotin ethyl 
ester 103 was hydrogenated over pre-reduced Adams catalyst 
(50% by weight) in glacial acetic acid at room temperature 
and pressure. Theoretically, two molar equivalents of 
hydrogen should have been consumed in the reaction. However 
after three hours, the uptake of only one mole was noted 
and no further uptake occurred on prolonging the reaction. 
After filtration and evaporation, t.l.c revealed only one 
component with an Rf lower than that of the starting 
material. 
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In the 'H nmr of the product 113, the disappearance of the 
three proton methyl singlet at 2.42 ppm associated with the 
vinylic methyl and the appearance of a three proton doublet 
at 1.39 ppm, (3 6.5Hz) showed that the double bond had been 
hydrogenated. A high frequency doublet at 4.35 ppm (3 2Hz) 
showed that one of the methine hydrogens (H-3) was coupled 
to only one other proton. It was clear, therefore, that the 
imidazolinone double bond had been reduced, but that the 
4-keto functionality remained intact. The magnitude of the 
coupling constant between H-2 and H-3 indicated, however, 
that the substituents of the imidazoline ring were trans to 
each other. 
As no reduction of the keto group had taken place, 
epimerisation of the now acidic proton at the 3 position to 
the more stable trans configuration had obviously occurred. 
Hydrogenation of the unacetylated ketone 53 under similar 
conditions resulted in hydrogenolysis of the keto group, 
followed by hydrogenation of the imidazolinone double bond. 
The lack of reactivity of the 4-keto group of 10.  to 
hydrogenolysis is quite difficult to explain. A possibility 
is that the double bond in this case is more reactive to 
hydrogenation than that of l-oxo-N,N--diacetyl 
dehydrodesthiobiotin ethyl ester 98. 
Once the hydrogenation has taken place, it may not be 
possible for the 4-keto group to align with the catalyst 
surface. 
As our first approach to the preparation of the saturated 
diacetylated alcohol 104 did not work, we decided to 
attempt a two step reaction sequence to afford the desired 
product. 
Marquet has previously shown 
81 
 that hydrogenation of 103 at 
room temperature and pressure over 10% Palladium on charcoal 
produces a mixture of trans and cis, 4-keto-N,N-diacetyl 
(±)desthiobiotin ethyl esters(113 and 54 respectively). We 
carried out a series of reductions of 103 at room 
temperature and pressure over 10% palladium on charcoal 
varying the solvent. Using methanol as the solvent produced 
a 50:50 mixture of 113 and 54, ethanol a 40:60 mixture and 
1,4 dioxan a 1585 mixture. The cis isomer was separated 
from the trans ketone on silica gel using dry column flash 
chromatography. 
In the proton nmr of the cis ketone 54, the doublet of the 
H-3 proton was shifted to lower frequency by 0.5 ppm 
relative to that of the trans isomer and showed the expected 
larger cis coupling constant 9.5Hz. The H-1 methyl doublet 
was also shifted to lower frequency by a similar amount, but 
the coupling constant to the H-2 methine proton (312=6.5Hz) 
was unaffected. 
Elm 
It had been reported by Marquet 81  that the cis ketone 54 
could be reduced using sodium borohydride in methanol to 
yield a mixture of the mono and diacetylated alcohols 115. 
and 	respectively. However, when the cis ketone 54 was 
reduced using sodium borohydride in methanol, no 
diacetylated alcohol could be isolated from the reaction 
mixture. Similar results were obtained when the reaction 
was carried out in ethanol and isopropyl alcohol, both at 
low temperatures and at room temperature. 
Optimisation of the reaction conditions gave 4-(R,S)-hyd,xy-
N-acetyl ()desthiobiotin ethyl ester 115 as the principal 
product which could be purified by dry column flash 
chromatography and crystallisation from methanol in 64% 
yield from the cis ketone 54. 
The 4-hydroxy mono acetyl compound gave spectroscopic (ir, 
ms) and analytical results concordant with the proposed 
structure. The 1H nmr spectra, however, presented 
difficulties in interpretation. Irradiation of the methyl 
doublet resonance at 1.26 ppm resulted in the collapse of a 
one proton multiplet at 4.53 ppm to a doublet W2,3 9.5Hz) 
enabling assignment of this resonance to the H-2 proton. 
Irradiation of the H-2 methine resonance in turn led to 
collapse of a masked signal at 3.54 ppm to a doublet (J 314
9.5Hz) allowing us to assign this signal to the H-3 methine 
proton. Further irradiation at 3.54 ppm sharpened up a 
broad signal at 3.62 ppm which we consequently assigned as 
the methine hydroxy proton. It was not immediately apparent 
why this proton should appear as a broad singlet. Model 
studies indicate that NH-OH hydrogen bonding can occur in 
this molecule. 
The IR spectra of 115 showed absorportions at 3460 and 3240 
cm -1, indicating the presence of an OH and NH respectively. 
These, however, were broad, indicating intramolecular 
hydrogen bonding which suggested that the remaining N-acetyl 
group was at N-i'. 
A 0 2 0 shake removed the OH signal from the proton spectra at 
2.91ppm. The 13C ['H] DEPT spectra of 115 showed the 
expected 11 carbon signals including a 
resonance at 68.47 ppm. 
Since efforts to obtain the diacetyl hydroxy compound 104 by 
reduction of 54 had proved fruitless, the synthesis was 
continued using the monoacetylated alcohol 115. 
However, as the yields of 115 in this synthesis from the 
starting ketone 103 were not as good as the yields achieved 
in the earlier synthesis of 1-mercapto ()desthiobiotin 66 
and material was limited at this stage, it was elected to 
attempt direct corversion of alcohol 115 into the thiolester 
117 rather than to prepare 117 via the corresponding 
secondary tosylate 116. 
Two methods were attempted. The first utilised the work of 
Gauthier et al 
108, 
 who havc. recently shown that benzylic and 
allylic alcohols can be converted to their corresponding 
thio1eers by stirring the alcohol at room temperature in 
dichioroethane in the presence of thiolacetic acid and 
catalytic amounts of zinc iodide. Presumably the reaction 
proceeds via an iodide intermediate. In our hands no 
reaction of 114 could be detected after stirring at room 
temperature, so the reaction mixture was refluxed for three 
hours, after which time no remaining alcohol could be 
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The reaction was worked up and purified using dry column 
flash chromatography and the less polar component was 
crystallised from ether to afford 4-acetoxy-N-acetyl 
(t)desthiobiotin ethyl ester 118. Concordant analytical 
proton and carbon nmr spectra were obtained for this 
material. The 'H spectra of 118 was similar to that of the 
corresponding alcohol 115, the H-2 and H-3 protons showed 
similar coupling patterns to those in the alcohol, but the 
methine hydroxy proton resonance present in the spectra of 
the alcohol was absent and was replaced by a higher 
frequency multiplet at 4.97 ppm. The DEPT ['H] 13C spectra 
of 118 showed a methine resonance at 70.39 ppm at too high a 
chemical shift for a methine thioacetyl carbon but correct 
for a methine 0-acetyl resonance. 
Gauthier had reported 
108 
 that thiolesters were not always 
obtained from primary or secondary alcohols under these 
conditions, but, in some cases, clean conversions to their 
corresponding 0-acetates were observed. This was obviously 
the case here as the 0-acetyl derivative 118 was obtained in 
an 82% yield from the alcohol 115. 
Another method for preparation of thiols via the thiolester 
derived from the corresponding alcohol, had been reported 
109 some years earlier by Volante  
Volantets method relies on a modified Mitsunobu procedure 
110 for the epimerisation of alcohols. In the Mitsonubu 
procedure, the triphenyiphosphine disopropyl 
azodicarboxylate oxygen adduct formed from the alcohol is 
quenched via an S N 2 mechanism to yield the epimeric alcohol. 
Volante's method involves the quenching of the 
triphenyhlphosphine azodicarboxylate adduct with thiol acetic 
acid to yield the epimeric thiolester which can be 
subsequently reduced to the thiol. As the reduction of the 
cis-ketone with borohydride had yielded an epimeric mixture 
of the alcohols, the stereochemistry of the procedure did 
not affect us, although, if the reaction was successful, a 
careful separation of the R and S isomers would have to be 
carried out as a prerequisite to biological testing. 
The monoacetyl alcohol 114, however, proved unreactive under 
Mitsonubu conditions 
110 
 and despite repeated attempts, none 
of the required triphenylphosphine azodicarboxylate adduct 
could be prepared and starting material only was reclaimed. 
As we were unable to convert the alcohol to the thiolester 
directly, it was decided to proceed to the thiolester in the 
same manner as in the earlier synthesis of l-mercapto() 
desthiobiotin 66, that is via the intermediate tosylate. 
SAM 
4-tosyl-N-acetyi()desthiobiotin ethyl ester 116 could be 
obtained in a 66% overall yield from the corresponding 
hydroxy compound by reacting 114 with tosyl chloride and a 
catalytic amount of dimethyloaminopyridine in dry pyridine 
for 72 hours, followed by an aqueous work up. 
421osyl_N_acetyl_(t)_desthiobiotin ethyl ester 116 was 
treated with two equivalents of po taium thiolacetate in 
dry dimethylforinamide in a similar manner to the 1-tosyl 
compound 101. After 20 hours, tic of the reaction mixture 
showed the presence of the tosylate only. The reaction was 
allowed to run up to 72 hours. However, upon work up, only 
starting material was reclaimed. An alternative method 106, 
involving po tium thiolacetate in refluxing dry acetone 
was attempted. Again, this yielded only starting material 
after a reaction time of 4 hours. 
In a final attempt to utilise this method, we attempted 
displacement of the tosylate using po taium thiolacetate in 
refluxing dry dimethyl formamide. The reaction yielded 
neither starting tosylate nor thiolester and no detectable 
products were isolated from the reaction mixture. Attempted 
displacement of the tosylate with thiolacetate anion in 
solvents of boiling points intermediate between that of 
acetone and dimethylformamide (e.g. dry ethanol and 
methanol) resulted in breakdown of starting material. 
Staining of the t.l.c plates with palladium in dilute 
hydrochloric acid showed no presence of any sulphur 
containing products. 
Since the thiolacetate anion appeared not nucleophilic 
enough to displace the tosyl group from 114, under normal 
conditions,a more nucleophi lic sulphur anion was tried. 	 - - 
The sulphur nucleophile of choice was benzyl mercaptan anion 
104 	
The tosylate 114 was 	added to a stirrct solution 
at room temperature of the anion generated in situ by 
addition of sodium ethoxide to benzyl mercaptan in ethanol84  
T.l.c of the reaction mixture, however, revealed a 
multicomponent mixture and 'H nmr of the reaction mixture 
revealed no trace of the tosylate. In an effort to find 
milder conditions under which decomposition of the tosylate 
was not a complication, the tosylate 114 was treated with 
benzyl mercaptan in dry tetrahydrofuran. However, no 
reaction was evident under these conditions. An attempt to 
generate the benzyl mercaptan anion using HMPTA as a 
non-nucleophillic hindered base in dry tetrahydrofuran was 
also unsuccessful. 
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It is difficult to understand why the tosylate 114 should 
be so resistant to displacement by a sulphur nucleophile. 
l-lhioacetyl-N,N-diacetyl desthiobiotin ethyl ester 102 
could be generated using mild conditions from its 
corresponding tosylate 101. Displacement of the tosylate 
could proceed via an SN'  or an 5N 
 mechanism. If an SN' 
mechanism is involved it would involve the displacement of 
the tosylate from the 4 position of the skeleton involving 
the generation of a secondary carbocation which 
although inherently more stable is perhaps less reactive. 
In the displacement of the 4-tosyl compound 114, we should 
also consider that we were working with the monoacetyl 
derivative. Here there may be a possibility of 
intramolecular re-arrangement of the skeleton via the 
participation of the 3 imidazolinone nitrogen lone pair. 
I\ziridine formation or quenching via lone pair migration due 
to the close proximity of the lone pair to the reaction 
centre can both be postulated. However, no single product 
was isolated from the reaction mixture on displacement of 
the tosylate. Steric constraints should also be taken into 
account. Molecular models of the two tosylates 101 and 104 
show the l-tosyl derivative to be less sterically crowded 
than the 4-tosyl derivative. 
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Should an S 	mechanism be operating, then approach of a 
sulphur nucleophile may be hindered at the 4-position. 
Heating the reaction mixtures results in degradation of the 
tosylate, but, again, no elimination products (i.e. 
dehydrobiotin derivatives) could be found in the reaction 
mixtures. 
As our initial approach had not worked, we turned to the 
work of Gauthier et al again. He had shown 
108 
 that both 
benzylic and allylic alcohols could be converted to their 
corresponding thiolesters under Lewis acid catalysed 
mediated conditions. This suggested that an alternative 
approach might involve conversion of 4-oxo-
dehydrodesthiobiotin ethyl ester 53 to the allylic 
alcohol 119 by 1,2 hydride addition and then 
thiolacetylation by Gauthier's method to produce the allylic 
thiolester 120. Diacetylation of the imidazolinone moiety 
would yield 4-thioacetyl-N,N-diacetyl dehydrodesthiobiotin 
ethyl ester 121. This would hopefully be reduced by 
hydrogenation to afford 4_thioacetyl(±)desthiobiotin ethyl 
ester 122 which on deprotection would yield 4-(R,S)-mercapto 
(±)desthiobiotin 67. 
Synthesis of the allylic alcohol 119 from 53 was 
accomplished using 1.5 equivalents of sodium borohydride in 
methanol. 
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No 1,4 hydride addition products were detected 
and 4-hydroxy-dehydrodesthiobiotin ethyl ester 119 was 
isolated as a crystalline solid in a 75% yield, (Scheme 28). 
The allylic alcohol 119 was slurried in dry dichloroethane 
and treated with 0.5 equivalents of zinc iodide and 1.2 
equivalents of thiolacetic acid. Within two hours, the grey 
slurry developed an orange/yellow colouration and t.l.c of 
the reaction mixture revealed the production of a less polar 
material which proved to be the thiolacetate 120 isolated 
as a foam in 87% yield from the reaction mixture. The 
13 
 C 
['H] DEPT spectra of 120 revealed two resonances, a methine 
carbon at 38.07 ppm and a methyl carbon at 15.65 ppm, both 
characteristic of a secondary thiolacetyl group in place of 
the hydroxy methine carbon resonance at 63.02 ppm present in 
the spectrum of the allylic alcohol 119. 
The 'H nmr spectrum of 120 showed a broad triplet at (3 
7.6Hz) at 4.39 ppm consistent with an allylic thiolacetyl 
derivative and a three proton singlet at 2.23 ppm indicating 
the presence of an allylic methyl group. The molecular ion 
in its E.I mass spec and consistent elemental analysis 
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Interestingly, on one occasion, the conversion of the 
allylic alcohol to the thiolester did not proceed smoothly 
at room temperature, so the reaction mixture was warmed 
slightly to 40 degrees C. Almost immediately, the 
colouration which indicated the completion of the reaction 
appeared. Work up of this reaction yielded not only the 
expected product 120 but also a less polar product which 	- 
proved to be dehydrodesthiobiotin ethyl ester 96. This may 
be indicative of a thermally unstable iodide intermediate as 
postulated by Gauthier 108 or an SN'  type mechanism 
involving the quenching of a carbocation at the 4-position. 
During the borohydride reduction of the< 	unsaturated 
ketone 110 and its subsequent conversion to the thiolester 
120, no exo products were observed for the borohydride 
addition to the 4-oxo carbonyl double bond. Both a 1,2 or a 
1,4 Miche1 addition are theoretically possible, and should 
the conversion of the alcohol to the thiolacetate proceed 
via an allylic carbocation intermediate, again, either 1,2 
or 1,4 addition of thiolacetic acid is possible. In 
practice, no 1,4 addition products were ever observed. This 
is consistent with the fact that although in theory we have 
an o( /' unsaturated system, the aromaticity of the 
unacetylated imidazolinone nucleus leads the system to 
behave more like a benzylic ketone. 
This explains the lack of 1,4 addition products in the 
reaction mixture and also the hydrogenoloysis of the 1 and 4 
oxo functionalities when hydrogenation of the unacetylated 
nucleus is attempted. 
Conversion of 4-thioacetyl--dehydrodesthiobiotin ethyl ester 
120 into 4-thioacetyl-N,N-diacetyl dehydrodesthiobiotin 
ethyl ester 121 was accomplished in a 76% yield by refluxing 
120 for one hour in a small volume of acetic anhydride. The 
product was again purified by dry column flash 
chromatography on silica gel. The '3C ['H] nmr spectrum of 
121 was almost identical to that of 120 with the exception 
of two extra N-(CH3) acetyl resonances at 26.52 and 26.36 
ppm. The 'H spectrum of 121 showed a broad triplet at 4.97 
ppm (.J7.6Hz), again consistent with a thio1ac'1 substituted 
methine resonance. 
The problem now remained to find out whether 4-thioacetyl-
N,N-diacetyl-dehydrodesthiobiotin ethyl ester 121 could be 
reduced to the saturated derivative 122 
Hydrogenation at room temperature and pressure was attempted; 
hydrogenation over various proportions of palladium on 
charcoal in ethyl acetate and ethanol afforded reduced 
yields of starting materials only. 
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Marquet has reported 
112 
 that the dehydro di, N-acetyl 
dehydrodesthiobiotin derivatives (e.g 96) could be converted 
to their corresponding desthiobiotins by ionic 
hydrogenation, by treating with triethylsilane in anhydrous 
trifluozacetic acid. This is reported 112  to yield the 
hydrogenated products as a readily separable cis and trans 
mixture, generally in the ratio of 70:30 cis to trans. 
The thiolester 121 was stirred with triethylsilane and 
trifluoroacetic acid for 60 hours at 25 degrees C under 
nitrogen. In our hands, the major product f'romn the 
reaction was 4-thioacetyl-N-acetyl dehydrodesthiobiotin 
ethyl ester 123, presumably resulting from trifluoroacetic 
acid hydrolysis of one of the imidazolinone N-acetyl groups. 
A minor product could be isolated in around a 20% yield. 
Although impure, this had the carbon nmr characteristics of 
4-thioacetyl-N-acetyldesthiobiotin ethyl ester 124 with two 
CH methine resonances at 53.1 and 52.9 ppm in the 13C ['H] 
Dept spectra. However, on deprotection in lN sodium 
hydroxide and subsequent ion exchange chromatography, no 
major product could be isolated. 
Similarly, hydrogenation using pre hydrogenated platinium 
oxide in glacial acetic acid and trif'luogecetic acid yielded 
starting material only. 
Vasilevkis et al 113 have reported the reduction of 125 to 
(±)biotin  ethyl ester 126 with hydrogen over a Pd/C 
catalyst under conditions of high temperature and pressure. 
Since a suitable high pressure hydrogenation vessel was not 
available, we carried out medium pressure hydrogenation of 
121 with 6 atmospheres of hydrogen and an equal loading of 
10% Pd on carbon as the catalyst in glacial acetic acid at 
85 degrees C. This proved, however, to be ineffective and 
in the experiment the recovery of starting material from the 
reactions was extremely low. 
In both of our attempted syntheses of 4-(R,S)-mercapto 
desthiobiotin 67, the limiting factor was the last synthetic 
transformation to a suitably protected 4-(R,S)-mercapto 
desthiobiotin precursor. 
4-1.osyl--N-acetyl biotin ethyl ester remained resistant to 
nucleophillic displacement to both mild and reactive sulphur 
nucleophiles. Thiolacetate anion, although sufficiently 
nucleophillic to displace the tosyl group of 
l-tosyl-N,N-diacetyl desthiobiotin ethyl ester 101, was not 
nucleophillic to displace the tosyl group at position 4. 
Chapman et al 
105 
 have also reported this difference in 
reactivity of secondary tosylates to thiolacetates. 
IMA 
Forcing conditions employing benzyl mercaptan anion appear 
to result in degradation of starting material or multi 
component reaction mixtures. Two reasons for this 
reactivity may be postulated. Firstly and simply, 
transesterfication with benzyl mercaptan anion may be 
occurring. Secondly, under basic conditions, the N-3 
ureido amide may be deprotonated to yield the corresponding 
N-3 anion resulting in the possibility of intramolecular 
re-arrangement possibly via the formation of an intermediate 
aziridinium cation. 
If the 4 tosyl-N,N -diacetyl biotin ethyl ester could be 
prepared, i.e. if deacetylation at the borohydride reduction 
stage could be blocked, then the thioacetylation of the 
4-tosyl position may be accomplished. 
Reduction of 4-thioacetyl--N,N-diacetyl dehydro desthiobiotin 
ethyl ester 122 was always likely to be a difficult target 
for catalytic hydrogenation. Although catalytic reduction 
of 	 substituted double bonds in a similar system 
when the position ( to the double bond was a ketone was 
accomplished in acceptable yields, a thioether linkage and 
the non-planarity of the system (as exists in the 
unsaturated ketone 2 4-oxo-N,N_diacetyl djQdesthiobiotin 
103) may result in both catalyst poisoning by low oxidation 
state sulphur or difficulty in the approach of the 
imidazolinone double bond to the catalyst surface. 
-100- 
The ionic hydrogenation using the conditions employed by 
Marquet deserves further attention if yields can be 
improved. In our hands, deacetylation of the substrate 
always appeared to be a competitive reaction. 
High temperature and pressure hydrogenation of 67 would 
possibly yield the fully protected precursor. However, high 
temperature and pressure conditions were not immediately 
available to us and are difficult to employ on a small 
scale. 
In conclusion, both syntheses if carried through to their 
natural conclusion would give us a method of introducing an 
istopically labelled sulphur nucelophile as thiolacetate, 
enabling us to introduce a handle to further study the 
biotransformation of desthiobiotin into biotin. 
-101- 
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EXPERIMENTAL MATERIALS AND METHODS 
Merck silica 60 (70-230 mesh) was used for column 
chromatography and thin layer chromatography (t.l.c.) was 
carried out on 200 x 200 x 1mm or 200 x 200 x 0.25mm layers 
of Merck 60F 2 
5 4 silica. Components were visualized by 
ultraviolet (UV) light, by exposure to iodine vapours or by 
colour reaction with ninhydrin, palladium in dilute 
hydrochloric acid, or nitroprusside solution. Bio-Rad AG 
50WX2 resin (200-400 mesh, H form) was used for ion 
exchange chromatography. 
Reagents were purchased from Fisons, Sigma, Aldrich, Fluka 
and Eastman Kodak and were routinely recrystallized or 
redistilled before use. 
Melting points were determined using a Reichert hot-stage 
microscope and are uncorrected. Elemental analysis was 
recorded on Perkin-Elmer 240 Elemental Analyser. Infra-red 
(i.r.) spectra were recorded on Perkin-Elmer 298 and 
Perkin-Elmer 781 spectrophotometers. Unless otherwise 
stated, liquid samples. were analysed as neat films and 
solid samples as nujol mulls. 
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The i.r. spectra were calibrated with the 1603cm 
absorption of polystyrene. Nuclear magnetic resonance 
(n.m.r.) spectra were recorded on Varian EM360, Bruker WP80, 
Bruker WP200SY and Bruker WH360 spectrometers. Spectra were 
measured on the J scale with internal or external 
tetramethylsilane at 0.00, CHC13 at 7.25 or 1 3 
	 - 
(centre peak) at 77•00r•  Mass spectra and exact mass 
measurements were recorded on an AEI MS902 spectrometer 
(electron impact (El) at 70 eV) or a Kratos MS80RF-DS55 
spectro-meter using a fast atom bombardment (FAB) source. 
Bioassays were carried out by a modified hole plate 
procedure of Brown et al 
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2-imidazolinone-4(5)_carboxylic acid 
A well ground mixture of crystalline tartaric acid (85g) and 
urea (25g) was added portion wise to concentrated sulphuric 
acid (200m1) so that the temperature did not exceed 65 
degrees C. The resulting mixture was heated at 80 degrees C 
for 1 hour until the evolution of gas had ceased, cooled to 
room temperature and poured on to crushed ice (1kg). The 
obtained brown precipitate was then washed with water until 
the washings remained at pH 4-5, and then with acetone. The 
resulting 2-imidazolinone-4(5)-carboxylic acid (37.8g, 
52.7%) was used impure for the next stage: mp 222-226 
degrees (Lit,mp 232 - 235 degrees), 8H (60MHz, (CD 3 )2 SO) 
10.2-9.5 (3H, brs), 7.15 (1H,$); IR, Nujol mull, Vmax 3200, 
1759, 1670, 1600 cm. 
2-imidazolinone 
a) 	Imidazolinone-4(5)-carboxylic acid (0.5g) was sublimed 
at 240 degrees C and 0.3mmHg for 1 hr, yielding 
2-imidazolinone (0.15g, 46%). 
b) 	A mixture of imidazolinone-4(5)_carboxylic acid (54g) 
and pottasium carbonate 58g) was refluxed in H 
2 
 0 
(600m1) for 4 hrs, after which a little charcoal was 
added and refluxed for a further 1/2 hour. The 
solution was then hot filtered and the filtrate 
evaporated in vaccuo to c.a. 80 rnls. 
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The resulting precipitate was filtered to yield after 
washing with acetone and ether; 2-imidazolinone; 
26.5g, 75%); mp 230 - 236 degrees C, (Lit 240-241 
degrees C) Cr  H (80MHz (CD 3)2SO) 9.71 (2H, brs), 6.23 
(2H,$); IR, Nujol Mull, Vmax 3120, 1604, 1575cm 
Adipic acid chloride-monoethyl ester 
Adipic acid-monoethyl ester (9g) was refluxed in thionyl 
chloride (25m1) for twenty minutes. Any excess thionyl 
chloride was removed by gentle heating under reduced 
pressure. The resulting brown liquid was purified by 
distillation under vacuum, (0.3mm Hg) to afford a clear 
liquid, adipic acid chloride monoethyl ester; (7.5g, 96%), 
b.p. 58 degrees C 0.3mmHg; H (60MHz, COC1,) 4.24 (2H,q, 
JHz), 3.16(2H,t,J7Hz), 2.32(2H,t,J7Hz), 2.72 (4H,m), 
1.32(3H,t,37.OHz); IR, Liquid film Vmax 1800, 1730cm 
5-carbethoxyvaleryl-2-imidazolinone 
2-imidazolinone (13g, 0.15mol), was added to dry 
nitrobenzene (130m1) at 10 degrees C. Aluminium trichloride 
(72g, 3.5 x eq) was added slowly portion wise and the 
resulting solution stirred for 1/2 hour until homogenous. 
Adipic acid chloride-monoethyl ester was then added drop 
wise with cooling and the resulting reaction mixture was 
stirred for four hours at 65 degrees C, cooled to room 
temperature and poured onto ice water (600ml) containing 
sodium carbonate (40g). 
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Diethyl ether (500m1) was then added to the mixture and a 
brown, precipitate collected at the pump. The 
precipitate was filtered and re-crystallised from H 
2 
 0 
containing a little decolourising charcoal. Hot filtration 
and subsequent cooling yielded 5-carbethoxy 
valeryl-2--imidazolinone 15.2g,(42.6%) m.p. 229 - 230 degrees 
Cr C 	(Lit 239 -242 degrees C); H (80MHz (CD 3)2S0) 10.39 (2H, 
brs), 7.59 (lH,$), 4.04 (2H,q,37Hz), 2.64 (2H, brt, 37Hz), 
2.37 (2H, brt, 37Hz), 1.53 (4H,m) 1.17 (3H,t,37.OHz). 
Reduction of 5-carbethoxyvaleryl-2-imidazolinone 
5-carbethoxyvaleryl-2-imidazolinone (12g) was stirred in 
methanol (250ml). Sodium borohydride, (2.7g, 2 x eq) was 
added portion wise over five minutes and the reaction 
stirred for 2 1/2 hours, filtered, and evaporated to dryness 
under reduced pressure. The resulting precipitate was then 
washed successively with water, acetone and ether. The grey 
solid was then re-crystallised from a 9:1 ethyl 
acetate:ethanol mixture to afford the hydroxy-derivatve, 
(7.5g 2 62%) m.p. 170 - 173 degrees (Lit 174 - 176 degrees). 
Mannich Reaction with Alcohol 
A solution of the alcohol, (6g 0.03mol), paraformaldehyde 
(0.85g, l.leq) and piperdine, (2.5m1, l.leq) in methanol 
(120ml) was refluxed for 8 hours. 
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The solvent was removed in vacuo to leave at crude brown 
semi solid (7.2g). 
1-oxo-dehydrodesthiobiotin ethyl ester 
The crude reaction mixture from the Mannich reaction (88g) 	- 
was heated at 60 degrees C in glacial acetic acid (80m1) for 
ten hours. The reaction mixture rapidly turned black and 
removal of the acetic acid in vaccuo afforded a black oil 
which was purified using dry column flash chromatography, 
with ethyl acetate as the eluting solvent. The aldeyde was 
identified on t.l.c. of the fractions (Rf 0.35, ethyl 
acetate) using 10% 2, 4 9 6 DNP in dilute hydrochloric acia 
as a developing spray. Crystallisation of the crude 
aldehyde from a small amount of ethyl acetate afforded 
1-oxo-dehydrodesthiobiotin ethyl ester; (2.9g, 46%), m.p. 
142 - 144 degrees C (Lit 145 - 146 degrees C); H (80MHz, 
CDC13), 11.57 (1-H, brs), 9.87 (1-H, brs), 9.43 (1-H,$), 
4.10 (2H,q,J7.OHz), 2.77 (2H, brt, 37Hz), 2.28 
(2H,brt,J7Hz), 1.49 (6H,m), 1.22 (3H,t,37Hz); IR, Nujol 
Mull, Vmax 1730, 1710, 1668cm. 
l-oxo-N,N-diacetyl, dehydrodesthiobiotin ethyl ester 
The aldehyde (ig) was refluxed twice for 1/2 hour in acetic 
anhydride (lOml) and the solvent was removed in vacuo after 
each of the two short refluxes, to afford a brown oil. 
-107- 
Purification via dry flash column chromatography on silica 
gel, using 40% ethyl acetate/n-hexane as the eluting solvent 
afforded, l-oxo-N,N-diacetyl dehydrodesthiobiotin ethyl 
Cr ester as a clear oil (1.15g 86%); H (60MHz, CDC13) 10.13 
(1H,$), 4.22 (2H,q,J7Hz), 3.28 (2H,brt), 2.65 (6H,$), 2.40 
(2H, brt), 1.8-1.6 (6H,m) 1.31 (6H,m) 1.31 (3H,t,J7Hz); IR, 
Liquid film Vmax 1825, 1735, 1690cm. 
1-hydroxy-N,N diacetyl desthiobiotin ethyl ester 
1-oxo-N,N-diacetyl dehydrodesthiobiotin ethyl ester (1.15g 
3.44 mmol) in acetic acid (5m1) was added via a rubber 
septum to acetic acid (5m1) containing Adams catalyst 
(Platinum Oxide 0.75g), pre hydrogenated for 1 1/2 hours. 
3 
The theoretical requirement for 2mmol equivalents was 154cm 
3 
and the actual uptake was 185cm . The catalyst was filtered 
and washed with a little acetic acid (3m1) and the acetic 
acid removed in vac.jo to yield a clear oil. T.l.c. on 
silica gel using ethyl acetate/(n-hexane) 70:30 as the 
developing solvent revealed three spots, Rf 0.8, 0.65 and 
0.3. The oil was purified via dry flash column 
chromatography using a 10 to 100% ethyl acetate/n-hexane 
eluting gradient. Pooling of the fractions yielded N,N-
diacetyl dehydrodesthiobiotin ethyl ester (0.198g 17%) as a 
Cr 
clear oil; H (80MHz COd 3), 3.95 (2Hq,37Hz), 2.55 (2H,m), 
2.46 (6H,$), 2.16 (2H,brt,37Hz), 2.08 (3H,$), 
1.58-1.29(6H,m) l.09(3H,t,J7Hz); 	(50.32 MHzCDC13 ), DEPT 
() 60.06, 42.35, 33.76, 26.171  25.51, 24.42, 24.10 2 23.60, 
14.01, 11.99; IR, Liquid film Vmax 1750, 1735, 1705cm. 
N,N-diacetyl desthiobiotin ethyl ester (0.12g 11%), 	(80MHz, 
CDC13) 4.23 (2H,m), 2.37 (3H,$), 2.36 (3H,$), 2.16 
(2H,brt,J7Hz), 1.77-1.15 (11H,m); C (50.3MHz CDC13) DEPT 
54.621 51.16 9  50.29, 33.58, 28.74, 26.71, 25.09, 24.98, 24.77, 
24.38, 13.49; IR liquid film Vmax 1755, 1735, 1695cm. 
l-hydroxy-N,N-diacetyl desthiobiotin ethyl ester (0.455g, 
40%), H (200MhH CDC13), 4.21 (1-H,ddd,J10,5Hz), 3.98 (5H,m), 
3.72 (2H,t,33Hz), 2.42 (2H,m), 2.36 (3H,$), 2.32 (3H,$), 2.13 
(2Hbrt 37Hz), 1.45-1.22 (6H,brm), 1.17 (3H,t,J7Hz); IR liquid 
film; Vmax 3440, 1750, 1735, 1695cm. 
1-tosyl-N,N-diacetyl desthiobiotin ethyl ester 
1-hydroxy--N,N-diacetyl desthiobiotin ethyl ester (0.39g, 
1.2mmol, 4xeq) was stirred in dry pyridine (Sml) under 
nitrogen in an ice salt bath (-5 to 10 degrees C). Tosyl 
chloride (0.87g, 4.8mmol, 4xeq) in dry pyridine (3ml) was 
added dropwise over 5 mm. A few crystals of 
dimethylaminopyridine were added and the reaction allowed to 
return to room temperature and stir for a further 72 hours. 
The reaction mixture was then poured on to a crushed ice water 
mixture (20ml) containing IM hydrochloric acid (5m1). The 
aqueous work up was extracted with diethyl ether (4x20m1) and 
the combined organic extracts washed with water (20ml) and 
dried over magnesium sulphate. The ether was removed in 
vac uo and any residual pyridine on a high vacuum buchi. 
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The resulting brown oil (0.52g 89.4%) was purified via dry 
column flash chromatography on silica gel using a 10-60% 
ethyl acetate/n-hexane gradient affording l-tosyl--N,N-
diacetyl desthiobiotin ethyl ester (0.31g 54%) as a low 
Cr melting point, (less than 0 degrees C) solid. 	H, (200MHz, 
CDC13) 7.68 (2H,d,J8.3Hz), 7.32(2H,d,J8.3Hz), 4.26 
(1H,dd,3l0,7Hz), 4.07 (4H,m), 4.00 (1H,dd,.J10.6Hz), 2.52 
(2H,m), 2.42 (3H,$), 2.41 (3H,$) 2.24(2H,m) 1.55 (4H,m) 1.20 
(3H,t,.J.7Hz); IR, Liquid Film, Vmax 1760, 1732, 1700, 1365, 
ll85cm. 
l-thiolacetyl-N,N-diacetyl desthiobiotin ethyl ester 
l-tosyl-N,N-diacetyl desthiobiotin ethyl ester (0.31g, 
0.62mmol) was stirred in dry dimethylformamide under a 
nitrogen atmosphere. Pottasium thiolacetate (98%), (0.11g, 
0.93mmol 1.5xeq) in dry DMF was introduced via a rubber 
septum. An initial brown colour was formed which faded 
after twelve hours and a precipitate of pottasium tosylate 
formed. After 20 hours the dimethylf'ormamide was removed in 
vac uo leaving a dark brown residue which was washed with 
diethyl ether (30ml) and the organic extract washed with H 
2 
 0 
(2xloml), saturated sodium chloride (lxlOml) and H 2 0 
(lxlOml). The ether layer was then dried over magnesium 
sulphate and removal of the ether under reduced pressure 
yielded a dark brown oil which was subsequently purified by 
dry flash column chromatography on silica gel using at 10 to 
100% ethyl acetate/n hexane gradient, to yield l-thioacetyl-
N,N-diacetyldesthiobiotin ethyl ester (0.196g, 82%) as a 
yellow oil. 
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Found 400.15144, C18H28N206S requires 400.15159; H (200MHz, 
ODd 3), 4.15 (1H,m), 3.88 (1H,dd,39,3.5Hz), 4.06(2H,q,.J7Hz), 
3.11(2H,PBX,JAB8.0Hz, Jp lO.HZ), 2.40(3H,$), 2.39(3H,$), 
2.25 (3H,$), 2.19 (2H,t,J7Hz), 1.51 (8H,m), 1.22 
(3H,t,J7Hz); 	(50.32MHz,00C13), 173.42, 170.16, 169.72 7 
151.26, (4 x C = 0), 60.07 (0-CH2), 54.78, 54.32, (2xCH), 
33.54 (S-CH2), 32.22 (CH 2C = 0), 30.67 (CH 2), 30.2 (CH 3COS), 
28.371  24.361  23.79 (3 x OH2), 24.13 2  24.00 (2 x CH3  CON) , 
14.03, (CH 3); IR Liquid Film Vmax, 1755, 1750, 1735, 
1700cm. 
1-mercaptodesthiobiotin 
l-thioacetyl-N,N-diacetyl desthiobiotin ethyl ester (0.1g) 
was stirred in IN sodium hydroxide (3m1) for 1 1/2 hours. 
The pH was adjusted to 8 using IN hydrochloric acid and the 
resulting solution applied to a DOWEX AG5Ox2 cationic 
(H+form) ion exchange column. The column was washed with 
de-ionised water until the pH of the eluent remained 
constant and neutral. The compound was eluted from the 
column using an ethanol, water, ammonia solution (50:30:20). 
Fractions were collected until the pH became basic and were 
tested with nitroprusside solution. The nitroprusside 
positive fractions were pooled, the ammonia and ethanol 
removed in vacuo at room temperature, and the aqueous 
sample lyopholized yielding a yellow oil, crystallising on 
refrigeration to a white hygroscopic solid l-mercapto 
desthiobiotin (0.36g 59%) as the oxidised sulphur dimer. 
-111-
Found (positive FAB) 491.19978 (C10H17N203S2 requires 
491.19781; H (200MHz, Pyridine d 
6 
 ) 4.63 (1H,m), 4.42 
(lH,m), 3.62 (2H,m), 2.95 (2H,brt) 2.25 (2H,brt), 1.88 
(6H,m). C (50.32MHz, D20 trace NH3) 57.27 (CH), 57.10 (CH), 
42.97 (CH 2-s), 37.61 (CH 2C), 34.81, 28.62, 25.81, 24.03 
(4xCH2 ) 183.96, 164.45 (2xC=0); IR Nujol Mull Vmax 3330, 
3300 2  1710, 1580cm'. 
Biotin Methyl Ester 
d-biotin (ig) was slurried in methanol (20m1). Diazomethane 
solution was added drop wise until a light green colour 
persisted. The solvent was removed in vacuo to afford a 
white solid, re-crystallisation from methanol yielded Biotin 
methyl ester (0.98g, 90%) as colourless needles, mp 165-167 
degrees C (Lit 165-167 degrees C). 
N-Acetyl-Biotin Methyl Ester 
To d-biotin methyl ester (0.5g) was added acetyl chloride 
(3ml), the solution was heated for two hours at 45 degrees C 
under nitrogen and the solvent removed in vac.uo to afford a 
brown oil which was purified by dry column flash 
chromatography on silica gel using ethyl acetate/n hexane 
(1:1) as the eluting solvent to yield a clear oil (0.49g, 
88%). Crystallisation. from ethyl acetate/n-hexane afforded 
N--acetyl biotin methyl ester as colourless plates; mp 97-99 
degrees C. 
-112- 
Found C52.3, H 6.89, N 9.34%, C13H20N2045 requires C52, H 
6.67, N 9.33%9 M/Z (El) 300 (Mt ) 269 9  2419  2279 d   (80MHz, 
COO13 ): 6.67 (1H, brs, N-H), 4.94 (1H, m, H-3), 4.20 (1H9  
dd, 345 3.5Hz, 334 8.5Hz, H-4), 3.64 (3H,$), 3.16 
(1H,m,H-5), 3.03 (2H,m H-2), 2.45 (3H,$), 2.31 (2H,t,37Hz, 
H-9), 1.54-1.84 (6H,m); IR (nujol mull), Vmax 3360, 1775, 
l68Ocm. 
N-\cety1biotin Methyl Ester Suiphoxides 
To a stirring solution of N-acetylbiotin methyl ester 
(0.48g, 1.56 mmol) in methanol (15m1) was added sodium 
metaperiodate (0.33g, 1.72 mmol, l.lxeq) in H 
2 
 o (15m1), over 
15 minutes at 0 degrees C. The reaction mixture was left to 
stir at 5 degrees C for a further 8 hours, the methanol was 
removed in vac uo and the resulting aqueous layer extracted 
with CHC13 (3 x 30ml). The organic layer was dried over 
magnesium sulphate and evaporated to N-acetyl biotin methyl 
ester-(R,S)-sulphoxide (0.33g 94%). Separation by thin 
layer chromatography on silica gel using 5% methanol-CHC13  
as the eluant gave the (S)-sulphoxide (350mg) as needles 
from methanol-ether (mp 82-84 degrees C. 
-113- 
Found 316.1098, C13H20N205S requires 316.1097; M/Z, (El), 
316 (M), 243, 225, 112, 97, 43, IR, Nujol Mull Vmax 3380, 
1735, 1680cm 9  H (200M1z COd 3 ), 6.67 (1H, brs, NH) 5.19 
(lH, dt, 334  8.9Hz, J 
23  5.6Hz, H-3, 4.56 (1H, ddd, 345  
5.5Hz, 334 8.9Hz, J4NH 1.3Hz, H-4), 3.38 (2H,d,3235.6Hz, 
H-2), 3.66 (3H,$), 3.15 (1H, dt, J 
56  7.3Hz, 345  5.5Hz, 
H-5), 2.47 (3H,$), 2.35 (2H, t J 
89  6.9Hz, H-9), 1.9-1.5 
(6H,m); and the N-Acetylbiotin methyl ester-(R)-sulphoxide 
(150mg) as needles from ethanol; mp 162-163 degrees. Found 
C49.3 7  H6.48, N 8.72%, C13H20N205S requires (49.3, H 6.33, N 
8.86%; m/z (El) 316 (M), 143; IR (nujol mull) Vmax 3380, 
1735, 1680cm; H (200MHz CDC13), 6.50 (1H,NH), 5.27 
(1H,brt,3 = 7.7Hz, H-3), 4.55 (1H, dd,334 8.1Hz, 345  
5.4Hz, H-4) 3.73 (1H,d,Jgem 15.9Hz, HR_2),  3.67 (3H,$), 2.88 
(1H,dd,Jgem 15.9Hz, Hs-2), 2.56 (1H,dt,345  5.4Hz, J 516 
7.2Hz, H-5), 2.48 (3H,$), 2.39 (2H t, J 89 7.0Hz H-9), 
1.6-2.1 (6H,m). 
2,3 and 5,6 Dihydro-N-Acetyl Biotin Methyl Ester 
N-Acetyl Biotin methyl ester-(R,S)-sulphoxide (0.45g 1.4 
mmol) was added to dry toluene (45m1). To a refluxing 
solution was added trimethyiphosphite (0.4g, 2.2eq 3.12mmol) 
and acetic anhydride (0.2cm). After refluxing for 60 
hours, all volatiles were removed in vac uo and the oily 
residue fractionated by flash chromatography on silica gel 
using an ethyl acetate/n-hexane (10-100%) gradient. 
-114- 
This yielded N-Acetyl-2,3-dehydrobiotin methyl ester (0.127g 
30%) as a colourless microcrystalline solid from ethyl 
acetate/n-hexane: mp (109-111 degrees C). Found 298.09966, 
C13H18N2045 requires 298.09872; M/Z (El), 298(M), 256, 196, 
112 7  43; dH (200MHz, COd 3) 6.40 (lH,d,J24  3.3Hz, H-2), 
5.58 (lH,brs, NH), 4.86 (1H,ddd,324  3.3Hz, 345  6.0Hz, 
1 41N 1.3Hz, H-4), 2.54 (1H,m,H-5), 3.41 (3H,$), 2.31 
(2H,t,389  6.2Hz, H-9), 1.53-1.66 (6H,m); 	C (50MHz, CDC13) 
173.83 (CO), 168.51, 158.19, 128.85 (C-2), 104.05 (C-3), 
62.06 (C-4), 54.55, 51.24 (C-5), 33.71, 27.17, 26.55, 24.45 
(CHz), 24.21; IR (nujol mull) Vmax 3320, 1750, 1740, 
1695cm 	and 5,6-dehydro-N-Acetyl biotin methyl ester 
(0.152 1 36%) as a clear oil. Found 266.1282, C13H18 N 2  0  4 
(S-5) requires 266.1267; H (360MHz, CDC13) 5.64 
(2H,brt,367  7.0Hz, H-6), 5.27 (lH,d,J4NH  8.0 H2,NH), 4.81 
(2H,m)H-31 H-4), 3.66 (3H,$), 3.31 (1H,d,Jgem 13.2Hz, HR_2), 
3.15 (1H,dd,Jgeml3.2Hz, J 213 5.3H z, H5-2), 2.51 (3H,$), 
2.29 (2H, t,J89 7.6Hz, H-9), 1.6-2.24 (6H,m); 'C (50MHz, 
COd 3) 173.531  170.53, 170.44, 155.09, 140.26 (C-5), 124.23 
(C-6), 59.36, 59.16 (C-3, C-4), 51.31, 38.35 32.97, 30.70, 




5,6-dehydro-N-acetyl biotin methyl ester (0.8g) was 
dispersed in iN sodium hydroxide (2ml) and the solution 
stirred at room temperature for 1.5h. The pH of the 
solution was adjusted to 9 with IN hydrochloric acid and 	 - 
the solution subjected to ion exchange chromatography on 
Biorad AG50X2 resin (1 x 10cm, Hform). The column was 
eluted with 2M aq ammonium hydroxide/ethanol (1:1) and the 
ninhydrin positive fractions pooled,iypholised to afford 5,6- 
dehydrobiotin (0.395g, 61%) as a colourless hydroscopic 
solid: C (90MHz, 020)  183.24 (CO), 164.13, 140.46 (C-5), 
124.87 (C-6), 63.78, 58.58 (C-3, C-4), 39.14, 37.12, 31.39, 
25.34 (CH 2); M/Z (+ve fab) 243.0803 [(M+1)+, C10H14N203S 
requires 243.08031. 
Ethyl Acetoacetate -oxime 
To a stirring solution of ethyl acetoacetate (73m1 0.58 mol) 
and acetic acid (84m1), cooled in an ice/salt bath was 
slowly added over one hour a solution of 45g of 95% sodium 
nitrite in H 2 0 (lODmi), keeping the temperature between 
25-35 degrees C. The mixture was stirred for a further half 
an hour at 25 degrees C and then H 
2 
 0 (300m1) was added and 
stirred for a further two hours. 
-116- 
P quarter of the reaction mixture was then taken and 
extracted with ether (35m1), the bottom aqueous layer run 
off and the next quarter extracted with the same ether. The 
combined aqueous layers were extracted twice again as above 
using fresh ether (2 x 20m1) each time. The combined ether 
layers were washed with H 
2  0 (20ml), aqueous sodium 
bicarbonate (4 x 20ml) and H 
2  0 (20m1). The combined organic 
extracts were dried over sodium sulphate, all volatiles 
removed in vac 'jo to yield a green liquid (76m1, 85%) which 
solidified to a green solid on refrigeration. The oxime was 
recrystallised from toluene (120ml per bOg crude) and 
cooling to -15 degrees C afforded the crystalline oxime 
(66.5g, 75%), mp 55-59 degrees C (Lit 58-59 degrees C); H 
(CDC13, 60Mhz), 10.65 (lH,$), 4.25 (2H,q,J7Hz), 2.25 (3H,$), 
1.37 (3H,t,.J7Hz); IR, liquid film, Vmax, 3310, 1735, 
l675cm. 
4 Methyl-5-carbethoxy-2-Imidazolinone 
Ethyl acetoacetate----oxime (lOg, 0.064 mob) in ethanol 
(30mb) and 0.5M hydrochloric acid (130mb) were hydrogenated 
at room temperature and pressure over 10% palladium on 
carbon (lg 10% w/w) for three hours. The theoretical uptake 
for two moles equivalent was 2866cm3, the actual uptake 
3  2560cm. 
-117- 
The catalyst was filtered and washed with a little ethanol 
(20m1) and to the filtrate a solution of pottasium cyanate 
(7.8g 1.5xeq) in H 
2  0 (140m1) containing 5N hydrochloric acid 
(9ml) was added. 
The resulting solution was then heated on a boiling water 
bath under reduced pressure until a precipitate started to 
appear. The flask was removed from the buchi and 
refrigeration to -4 degrees C completed the crystallization 
of 4-methyl-5-carbethoxy-2-imidazolinone (7.75g 68%), Lit 
11
6 	
P (81.5%), mp 220-223 degrees C (lit mp 225-226 degrees C); H 
(60MHz (CD 3)2S0), 10.02 (2H, brs), 3.95 (2H,q,J7Hz) 1.88 
(3H,$), 0.86 (3H,t,J7Hz); IR, Nujoll mull Vmax 3530, 3410, 
1690, 1650cm. 
4 Methyl-2-imidazolinone 
4-Methyl-5-carbethoxy-2-imidazolinone (35.5g 0.2 mol) and 
pottasium carbonate (40.8g 1.5xeq) were refluxed together in 
H 
2  0 (800m1) for 4 1/2 hours. The water was reduced under 
pressure to a volume of between 120 and 80ml at which point 
the 4-methyl-2-imidazolinone starts to precipitate out. The 
precipitate was collected at the pump and the filtrate 
reduced in volume again until a second precipitate started 
to appear. 
-118- 
This was again collected at the pump and the two pooled 
precipitates recrystallized from small amounts of H 
2  0 to 
yield 4-methyl-2-imidazolinone (18.3g 79.9%), mp greater 
Cr  than 260 degrees C, (Lit mp 202-204 degrees C in vac.uo; H 
(80MHz (CD 3)2S0 9.48 (2H,brs), 5.91 (lH,d,3l.4Hz), 1.86 
(3H,d,Jl.4Hz); IR Nujoll mull Vmax 3280, 3180, 1690cm 1 . 
4-keto-dehydrodesthiobiotin ethyl ester 
To a stirring solution of 4-methyl-2-imidazolinone (7.7g, 
0.08mol) in dry nitrobenzene (45m1) was added portion wise 
anhydrous aluminium trichioride (33g, 3xeq) and with cooling 
carboxy valerylchloride (17.6g, 0.09 mol, 1.15xeq). The 
reaction mixture was then stirred and heated at 65 degrees C 
for 4 hours under nitrogen, cooled to room temperature 
and poured on to a crushed ice/water mixture (lOOmi) 
containing sodium carbonate. Ether (lOOmi) was then added 
to the mixture and an orange crystalline product collected 
at the pump. The crude product was recrystallized from an 
ethanol/water (50:50) mixture to yield 
4-keto-dehydrodesthiobiotin ethyl ester (10.3g, 48%) as 
yellow needles, mp 165-168 degrees C (Lit mp 174-176 degrees 
C); 	dH,  (80MHz (CD 3)2S0), 10.73 (1H,brs), 10.17 (1H,brs), 
3.98 (2H,q,J7Hz), 2.56 (2H,brm) 2.25 (2H,brm), 1.52 
(2H,brm), 1.15 (3H,t,J7Hz); IR Nujoll mull, Vmax, 3160, 
3090, 1735, 1695, 1640cm. 
-119- 
4-keto-N,N-diacetyl dehydrodesthiobiotin ethyl ester 
4-keto-dehydrodesthiobiotin ethyl ester (4g) was subject to 
two short refluxes (1/2 hr) in acetic anhydride. The 
solvent was removed each time in vacuo after each reflux. 
Yielding 4-Keto-N,N-diacetyl dehydrodesthiobiotin ethyl 
ester (4.45g) as a brown oil. Recrystallization from 
ethanol afforded crystals of the diacetyl derivative (4.25g, 
to 	 Cr 79%), mp 50-53 degrees C, (Lit 53-56 degrees C); H (60MHz, 
CDC13), 4.21 (2H,q,J7Hz), 2.69 (3H,$), 2.67 (3H,$), 2.65 
(4H,m), 2.42 (3H,$), 1.75 (4H,m), 1.35 (3H,t,J7Hz); IR Nujol 
mull Vmax 1750, 1725, 1685cm. 
4 keto-N,N-diacetyl trans desthiobiotin ethyl ester 
4-keto-N,N-diacetyl dehydrodesthiobiotin ethyl ester (0.23g 
0.7mmol) in acetic acid (5m1) was hydrogenated at room 
temperature and pressure over pre-reduced Adams catalyst, 
platinum oxide (0.15g) in acetic acid (5m1). The 
theoretical uptake of hydrogen was 30.1cm3 for 2 moles 
equivalent, the actual uptake was 20.5cm3 after 3 1/2 hours. 
The catalyst was filtered and the filtrate reduced under 
pressure to yield, 4-keto-N,N-diacetyl trans desthiobiotin 
ethyl ester, (0.21g, 90%) as a clear oil. 
-120- 
(200MHz, ODd 3), 4.35 (1H,d,J2Hz), 4.06 (3Hm) 2.51 
(2H,m), 2.48 (3H,$) 2.41 (3H,$), 2.23 (2H,m), 1.59 (4H,m) 
1.39 (3H,d,36.5Hz), 1.17 (3H,t,J7Hz). C C (50.32Mhz, CDC13), 
DEPT 	, 63.41, (OH), 60.05, (0cH 2 ), 48.81, (OH), 39.02, 
33.631  23.98, 22.31 (4xCH2 ), 23.47, 20.48, (2XOCCH3); IR, 
Nujol Mull Vmax 1775, 1730, 1700cm. 
4-keto-N,N-diacetyl desthiobiotin ethyl ester 
4 keto-N,N-diacetyl dehydrodesthiobiotin ethyl ester (0.3g 
0.9mmol), in 1,4 dioxan (8m1) was hydrogenated at room 
temperature and pressure over 10% palladium on carbon 
(0.3g 1:1 wlw). The theoretical uptake was 20.8cm3 of 
hydrogen for 1 mole equivalent, the actual uptake was 52cm3, 
completed after six hours. The catalyst was filtered and 
the solvent removed in vac uo to leave a clear oil, (0.28g 
93%); a mixture of the cis and trans hydrogenation products 
(85:15) by n.m.r analysis. The isomers were separated by 
dry column flash chromatography on silica gel using ethyl 
acetate/chloroform (1:4), (trans 0.3, cis 0.2) as the 
eluting solvent to yield 4-keto-N,N-diacetyldesthiobiotin 
ethyl ester, (0.23g 79%) as a clear oil. 
-121- 
(200MHz CDC13), 4.76 (1H,d,J9.5Hz), 4.58 
(1H,dd,J9.5,7Hz), 4.04 (2H,q,J7Hz), 2.47 (3H,$), 2.44 
(3H,$), 2.50 (2H,m), 2.23 (2H,m) 1.59 (4H,m), 1.16 
(6H,q,J7hz); C (50.32Mhz CDCl, DEPT k'), 63.41, (CH), 
60.05, (OCH2), 54.94 (CH), 39.02, 33.63, 23.98, 22.31 
(4xCH2), 23.47 2 20.48 (2x0C CH3); IR, Nujol Mull, Vmax 1775, 
1730, 1700cm. 
4-Hydroxy-N-ccetyl desthiobiotion ethyl ester 
4-keto-N,N-diacetyldesthiobiotin ethyl ester (0.36g l.lmmol) 
in ethanol (10ml) was cooled in an ice salt bath to -5 
degrees C. To the stirring solution was gradually added 
sodium borohydride (0.055g 1.2mmol). After the addition of 
all the borohydride, the reaction mixture was allowed to 
return to room temperature and stirred for 1 1/2 hours. 
Acetic acid, sufficient to kill any excess borohydride was 
then added and the reaction mixture poured on to ice/water 
(20g). The aqueous liquors were extracted with ethyl 
acetate (4x25m1), then washed with H 
2 
 0 (20ml) and finally 
the organic extracts dried over magnesium sulphate. The 
solvent was removed in vac uo to afford a clear oil (0.29g 
81%). T.l.c on silica gel using ethyl acetate/n hexane, 
(70:30) showed a three component mixture which was then 
subject to dry column .flash chromatography using an ethyl 
acetate/n hexane (10-100%) mixture as the developing 
solvent. 
-122- 
The major component of the mixture (Rf 0.25) was isolated to 
yield 4-hydroxy-N-acetyl desthiobiotin ethyl ester 
as a white solid which was recrystallised from ethanol 
(0.23g 64%) mp 128-130 degrees C, found C55.7, H7.96, 
N9.22%1  C14H24N205 requires C56, H8, N9.33%; 	-1, (CDC13)  
200MHz), 6.74 (1H,brs,NH), 4.53 (1H,m) 4.11 (2H,q;J7Hz), 
3.62 (1H,brs,), 3.54 (1H,t,JTHz) 2.91 (lH,brm), 2.38 (3H,$), 
2.27 (2H,t,i7Hz) 1.60-1.25 (6H,brm), 1.26 (3H,d,J7Hz), 1.19 
(3H,t,J7Hz); 	C (CDC1 3 , 50.32 MHz), DEPT68.461  60.271  
57.02 1  52.76 2 34.01, 33.81, 24.38, 23.88, 23.73, 14.00, 
12.63; IR Nujol Mull Vmax 3460, 3240, 1735, 1685, 1665cm. 
4-acetoxy-N-acetyl desthiobiotin ethyl ester 
4-hydroxy-N-acetyl-desthiobiotin ethyl ester (0.08g 
0.27mmol) was slurried in dry dichioroethane (2m1) and 
stirred at room temperature under N2. Thiolacetic acid (3 
drops) and zinc iodide (0.06g 0.5xeq) were added. No 
reaction after three hours at room temperature so the 
reaction mixture was refluxed for three hours after which it 
was poured on to H 
2  0 (20m1) and extracted with ethyl acetate 
(4x25m1). The organic extracts were dried over magnesium 
sulphate and the solvent removed in vac uo to yield a yellow 
oil, (0.088g, 96%). 
-123- 
The crude material was subject to purification via 
dry column flash chromatography on silica gel using a 
50-100% ethyl acetate/n-hexane solvent gradient. The crude 
product was recrystallised from ether to afford 4-acetoxy-N 
acetyl desthiobiotin ethyl ester (0.075g 82%) as a 
crystalline solid, mp, 113-114 degrees C; found C59.2, 
H8.5, N9.86%, C14 H24 N2 04 requires C59.15, H 8.6, N 9.85%. 	- - 
H (CDC137  200MHz), 6.77 (1H, brs, NH), 4.97 (1H,m), 4.46 
(1H,q,J7Hz), 4.07 (2H,q,.J7Hz), 3.80 (1H,t,J8Hz) 2.38 (3H,$), 
2.23 (2H,t,J7Hz), 2.01 (3H,$) 1.61, 1.27 (6H,m), 1.18 
(5H,m); 	C (DEPT,(50.32 MHz) CDC13), 70.38, 60.12, 
54.55, 52.55, 33.71, 31.01, 24.51, 23.44, 23.72, 20.75, 
14.01, 12.99, IR, Nujol Mull Vmax 3430, 1735, 1700, 
1665cm; M/Z, (El) 284 (M), 241. 
Attempted Modified Mitsonubu Conversion 
of Alcohol to Thiolester 
Diisopropylazodicarboxylate (0.182g, 0.9mmol, 2xeq) was 
added to an efficiently stirred solution of triphenyl 
phosphine (0.235g, 0.9mmol 2xeq) in dry tetrahydrofuran 
(3m1) at 0 degrees C under a nitrogen atmosphere. The 
reaction was stirred for 1/2 hour until a white precipitate 
of the adduct was formed. 4-hydroxy-N-acetyl desthiobiotin 
ethyl ester (0.134g 0.45mmol) and thiolacetic acid (0.068g, 
0.9mmol,2xeq) in dry tetrahydrofuran (lml) was added and the 
resulting solution stirred for 1/2 hour at 0 degrees C and 3 
hours at room temperature. 
-124- 
Solvents and volatiles were removed in vac .uo and the crude 
material subject to dry column flash chromatography using a 
10-100% ethyl acetate/n hexane eluting gradient which 
afforded recovered 4-hydroxy-N-acetyl desthiobiotin ethyl 
ester (0.105g 78%). 
Preparation of 4-tosyl-N-acetyl desthiobiotin ethyl ester 	- - 
4-hydroxy-N-acetyl desthiobiotin ethyl ester (0.12g, 
0.4mmol) was added to a stirring solution of dry pyridine 
under a nitrogen atmosphere. To the stirring solution was 
added tosyl chloride (0.3g 1.6mmol, 4xeq) and a few crystals 
of dimethylamino pyridine. The resulting solution was 
stirred for 72 hours and poured on to H 
2 
 0 (20ml) containing 
IN hydrochloric acid (lml). The aqueous layer was extracted 
with ethyl acetate (4x2Oml), the combined organic extracts 
washed with H 
2  0 (20m1) and dried over magnesium sulphate. 
The solvent was removed in vac uo to yield a brown oil. 
T.l.c of the crude extract on silica gel (70:30 ethyl 
acetate/n hexane) revealed two major components at Rf 0.25, 
corresponding to starting material and Rf 0.55 corresponding 
to the tosylate. The crude extract was purified via dry 
column flash chromatography using a 10-100% ethyl acetate/n 
hexane eluting gradient yielding 4-tosyl-N-acetyl 
desthiobiotin ethyl ester (0.12g, 66%) as a clear oil (83% 
if recycle starting material) and 4-hydroxy-N-acetyl 
desthiobiotin ethyl ester (0.025g). 
-125- 
Found C55.48, H, 6.42, N 6.20%, C20,H30,N207S requires 
C55.51, H6.61, N6.17%; H (CDC13 200MHz) 7.76, 
(2H,d,J6.5Hz), 7.35 (2H,d,J6.5Hz), 5.43 (1H,brs,NH) 4.75 
(m 11H) 4.36 (1H,m,.J7Hz), 4.09 (2H,q,J7Hz), 3.78 (1H,m,J9Hz), 
2.40(3H,$), 2.18(2H,t,J7Hz) 1.51 (6H,brm), 1.20 (9H,t,J7Hz); 
M/Z E.I 455 (100%) M, 359 (32), 343 (39.2), 283 (36.9), 241 
(64.6); IR, liquid film, Vmax 3420, 1730, 1690, 1385, 
ll75cm. 
Attempted Displacement of Tosylate by Thiolacetate 
1) 	To a stirring solution of 4-tosyl-N-acetyl 
desthiobiotin ethyl ester (0.09g, 0.18mmol) in dry 
dimethylformamide was added pottasium thiolacetate 
(0.041g,2xeq) and stirred at room temperature for 72 
hours. The reaction mixture was poured on to H 
2 
 0 
(20m1) and extracted with ethyl acetate (3xl5ml). The 
organic layers were washed with H20 (lOmi) saturated 
sodium chloride (lOmi) and H20 (lOml) again, dried over 
magnesium sulphate, solvent removed in vacuo to yield 
after preperative t.l.c in ethyl acetate/n hexane 
(70:30), 4-tosyl-N-acetyl desthiobiotin ethyl ester 
(0.057g, 64% recovery). 
-126- 
A solution of 4-tosyl-N-acetyl desthiobiotin ethyl 
ester (0.08g, 0.18mmol), pottasium thiolacetate 
(0.041g) was refluxed in dry acetone for 4 hours after 
which the acetone was removed under reduced pressure, 
the reaction mixture washed with H 
2  0 (20m1) and the 
products isolated as in 1. The reaction yielded 
4-tosyl-N-acetyl desthiobiotin ethyl ester (0.048g 
60%). 
To a refluxing solution of 4-tosyl-N-acetyl 
desthiobiotin ethyl ester (0.04g, 0.09mmol) in dry 
dimethylf'ormamide (2m1) was added pottasium 
thiolacetate (0.02g, 2xeq). After 8 hours the reaction 
was worked up as in 1. T.l.c on silica gel and ir 
showed no presence of starting material but no major 
product either. 
Replacement of Tosylate by Benzyl Mercaptan Anion 
1) 	To a solution of sodium ethoxide (8.4mmol, 1.5xeq) in 
dry ethanol (2m1) was added benzyl mercapton (7mg, 
5.6mmol). The resulting solution was allowed to stir at 
room temperature under nitrogen for five minutes after 
which 4-tosyl-N-acetyl desthiobiotin ethyl ester (0.02g 
3 
5.6x10 mmol) was added and the reaction mixture stirred 
for 2 hours at room temperature. 
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The solvent was removed in vac uo and the residue 
dissolved in ethyl acetate (lOmi). The organic layer 
was washed with H 2 0 (lOml) and saturated sodium 
chloride (lOmi) and dried over magnesium sulphate. The 
solvent was removed under reduced pressure to yield a 
yellow oil which on t.l.c on silica gel in ethyl 
acetate/n hexane (70:30) yielded an unresolvable 	 - - 
multicomponent mixture with no tosylate. 
4-tosyl-N-acetyl desthiobiotin ethyl ester (0.02g 
0.56mmol) was stirred at room temperature with benzyl 
mercaptan (0.007g 0.56mmol) in dry dimethylformamide 
(2m1) under nitrogen for 72 hours at room temperature. 
T.l.c on silica gel using ethyl acetate/n hexane 
(70:30) revealed the presence of starting material 
only. 
4-tosyl-N-acetyl desthiobiotin (0.02g 5.6mmol) was 
stirred with benzyl mercaptan (0.007g 5.6mmol) and a 
catalytic amount of dimethylaminopyridine in dry 
tetrahydrofuran for 72 hours. T.l.c on silica gel 
using ethyl acetate/n hexane (70:30) as the developing 
solvent showed the presence of starting material only. 
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4-hydroxy-dehydrodesthiobiotin ethyl ester 
To 4-Keto-dehydrodesthiobiotin ethyl ester (5g 0.02mol) in 
dry methanol was added sodium borohydride (1.14g 1.5xeq) and 
the reaction stirred at room temperature for 2 1/2 hours. 
the methanol was removed in vac uo to yield a white solid. 
The resulting solid was washed with water (30m1) acetone 
(20m1) and ether (20m1), dried under vacuum and 
recrystallised from an ethyl acetate/methanol mixture to 
afford 4-hydroxy-dehyrodesthiobiotin ethyl ester (3.75g 
75%). mp 165-167 degrees C; found C56.2,H7.52,Nll.04% 
C12H19N204 requires C56.47 H7.45 N10.98; C (50.32MHz) 
(CD3)2SO) DEPT 	63.031  59.52 2  35.21, 33.43 7  24.761  24.23, 
13.99, 8.89; IR Nujoll Mull, Vmax 3320, 3080, 1737, 1675 and 
l655cm. 
Preparation of 4-thioacetyl-dehydrodesthiobiotin ethyl ester 
4-hydroxy-dehydrodesthiobiotin ethyl ester (0.2g, 0.78mmol) 
was slurried in dry dichloroethane (3m1). To the resulting 
stirring suspension was added zinc iodide (0.124g 0.5xeq) 
and thiolacetic acid (0.07g 1.2xeq). The reaction was 
stirred for 2 hours by which time the reaction had changed 
from a grey suspension to a clear orange/yellow liquid. 
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T.l.c of the reaction mixture on silica gel using methanol 
chloroform (1:9) showed a single component mixture which had 
a higher Rf than the starting material. All volatiles were 
removed in vac uo and the resulting brown oil purified by 
dry column flash chromatography on silica gel using ethyl 
acetate as the eluting solvent. The ethyl acetate was 
removed in vaco and any residual thiolacetic acid on the 
high vacuum buchi. This yielded a stable yellow foam (0.21g 
87%); 4-thioacetyl dehydrodesthiobiotin ethyl ester. Found 
053.27 7  H6.98 7  N8.86% 1  C14H22N2045 requires 053.50, H7.01, 
N8.92%; H (CDC., 80MHz), 10.25 (lH,brs,NH), 9.96 (lH, brs, 
NH) 4.39 (1H,brt,J7.6Hz), 4.00 (2H,q,J7Hz), 2.23 (5H,brt) 
2.01 (3H,$), 1.84-1.33 (6H,brm), 1.17 (3H,t,37Hz); d 
(COd 3, 50.32 MHz) DEPT 	, 60.061  38.06 9  33.78 7  33.39 1  
30.341  26.691  23.96, 13.99, 9.29, M/Z El, 314 (22), 239 
(44), 269 (100). 
Preparation of 4-thioacetyl-N,N-diacetyl 
dehydrodesthiobiotin ethyl ester 
4-thioacetyl-dehydrodesthiobiotin ethyl ester (0.255g) was 
subject to two short refluxes in acetic anhydride (2x25ml). 
After each reflux the acetic anhydride was removed in vaccuo 
to leave a brown oil. 
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Purification via dry column flash chromatography on silica 
gel using an ethyl acetate/n hexane gradient afforded 
4-thioacetyl-N,N-diacetyl dehydrodesthiobiotin ethyl ester 
(0.23g, 76%) as a colourless oil. Found 054.15, H6.45, 
N6.98%, C18H26N206S requires C54.27, H6.52, N7.04%, 
(CDCl, 200MHz) 4.97, (lH,brt,J7.6Hz) 4.09,(2H,q,J7Hz), 
2.61, (3H,$), 2.61 (3H,$), 2.37 (3H,$), 2.27, (2H,m), 2.25 
(3H,$), 1.85 (2H,m), 1.58 (4H,m) 1.20 (3H,t,J7Hz). °C 
(50.32MHz COOl3) DEPT 	60.07, 37.16 1  34.31, 33.84, 29.75, 
26.981  26.52 7  26.36 7  24.21, 14.02, 11.82. 
Attempted Hydrogenation of 4-thioacetyl-N,N-diacetyl 
dehydrodesthiobiotin ethyl ester 
Thiolester (0.05g) in ethanol (3m1) was hydrogenated 
for 8 hours at room temperature and pressure over 0.05g 
of 10% palladium on charcoal. The catalyst was 
filtered and the solvent removed in vac uo to yield 
after dry column flash chromatography on silica gel 
using an ethyl acetate/n hexane eluting gradient, 
starting material (0.045g, 90%). 
Thiolester (0.05g) was hydrogenated at room temperature 
and pressure for 12 hours over pre-hydrogenated 
platinum oxide (0.05g) in glacial acetic acid (3m1). 
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The catalyst was filtered, and the acetic acid removed 
in vac uo to yield after dry column flash 
chromatography on silica gel using an ethyl acetate/n 
hexane eluting gradient, starting material (0.032g, 
64%). 
3) 	The thiolester (0.05g) was hydrogenated as above using 
trifluoracetic acid as the solvent. Reisolation again 
showed the presence of starting material only. 
Medium Pressure Hydrogenation of 4-thioacetyl-N,N-diacetyl 
dehvdrodesthiobiotin 
The thiolester (0.06g) was hydrogenated at 85 degrees C 
under 5-6 atmospheres of hydrogen in glacial acetic acid 
(5m1) over 10% Palladium on charcoal (0.06g) for 8 hours. 
The catalyst was filtered and the solvent removed under 
reduced pressure. Preperative t.l.c on silica gel using 
ethyl acetate/n hexane (50:50) as the developing solvent 
afforded starting material (0.043g, 72%) only. 
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Ionic hydrogenation of 4-thioacetyl-N,N--diacetyl 
dehvdrodesthiobiotin ethyl ester 
The thiolester in trifluoracetic acid (imi) (0.235g 0.6mmol) 
was added drop wise to a stirring solution of 
triflouroacetic acid (2m1) and triethylsilane (0.096mo1, 
1.5xeq) and the resulting solution was stirred for 60 hours 
at 25 degrees C. All volatiles were removed in vacuo to 
afford a clear oil. T.l.c on silica gel using ethyl 
acetate/n-hexane (50:50) as the developing solvent showed a 
three component mixture, none of which were starting 
material. The components were separated using dry column 
flash chromatography on silica gel using a 10 to 100% ethyl 
acetate/n hexane eluting gradient. 
Isolation of the major component (0.041g) afforded a clear 
oil showing n.m.r characteristics of 4-thioacetyl-N-acetyl 
desthiobiotin ethyl ester. 	H 200MHz (CDC13), 5.97 
(1H,brs,NH), 4.82 (1H,m), 4.44 (1H,m), 4.12 (4H,m), 3.67 
(1H,m), 2.60 (3H,$), 2.44 (3H,$), 2.28 (2H,m), 2.26 (3H,$), 
2.11 (2H,$) 1.89 (2H,m), 1.58 (6H,m), 1.23 (7H,m); d0 
(50.32Mhz CDC1). DEPT 	, 60.16, 53.12, 52.99, 34.53, 
33.91, 29.68, 28.88, 28.85, 25.98, 25.83, 24.48, 23.80, 
23.78, 14.08, 12.61, 9.71. 
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VITAMER ACTIVITY BIOASSAYS 
Bioassays were carried out by a modified hole plate 
procedure 11 9.  E Coli strain 6435 was grown in minimal 
medium containing 0.2% glucose, Spizien salts and 0.1 g/cm3  
biotin to optical density (625nm) 0.2. The cells were 
removed by centrifugation, and washed (X5) with vitamin free 
medium, re-suspended in water and spread on indicator plates 
(300cm3 water agar, 80cm3 Spizien salts, 4cm3 20% glucose 
and 0.4cm3 of a 100mg/cm3 solution of triphenyltriazole. 
Cylindrical wells (lx5mm) were made by depression of the 
surface of the plate with a sterile rod. After a 
pre-incubation of three hours at 37 degrees for 12 hours, 
tests were scored by the radius of the coloured zone 
produced on growth, radii were compared with those produced 
by standards of desthiobiotin and biotin. 
Vitamer activity was also measured by supplementation in 
minimal medium. Test solutions were added at known 
concentrations to 5m1 of medium innoculated with strain 
6435. Cultures were grown at 37 degrees C with shaking at 
200 revolutions per minute and the optical density (625nm) 
measured after four hours compared with values obained from 
a parallel series of experiments with biotin and 
desthiobiotin as standard additives. 
-134- 
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Chemistry of Biotin: Access to 2,3- and 5,6-Didehydrobiotin Derivatives 
Robert L. Baxter' and Andrew Coutts 
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ 
Dehydration of the N'-acetylbiotin methyl ester sulphoxides (3a) and (3b) under a variety of conditions 
affords the didehydrobiotin derivatives (4) and (5a). 5,6-Didehydrobiotin (5b) is effective as a biotin 
replacement factor for a bioA mutant of E. co/i. 
While biotin (la) is recognized to be an essential cofactor in 
a variety of enzymatic carboxylation reactions, relatively few 
structural analogues of biotin possessing agonistic or anta-
gonistic effects have been reported. Biologically abnormal biotin 
derivatives such as (lb) and (Ic) have been found to inhibit 
the pathway of biotin degradation in pseudomonads' and 
s-methy1biotin (Id) has been shown to possess strong anti-
metabolite activity in mycobacteria.2 Various derivatives also 
inhibit normal biotin biosynthesis in E. co/i. Didehydrobiotin 
(le) represses transcription of both I and r strands of the biotin 
gene complex',' and homobiotin (Ib) and -methylbiotin (Id) 
also exhibit weak co-ordinate repression of transcription.' 
Actithiazic acid (2) and the compound (id) are reported to 
inhibit biotin synthetase, the final enzyme of the biotin 
biosynthesis pathway.' The mode of action of these compounds 
is unclear. 
In the course of studies on the biosynthesis of biotin we have 
examined the reactions of biotin suiphoxide derivatives as 
routes to modified biotin skeletons suitable for evaluation as 
biosynthetic precursors and cofactor mimics. Here we describe 
the preparations of two new didehydrobiotin derivatives-N' -
acetyl-2,3-didehydrobiotin and N"-acetyl-5,6-didehydrobiotin 
methyl esters (4) and (5a),f by dehydration of the sulphoxides 
(3a) and (3b), and the biological activity of 5,6-didehydrobiotin 
(5b). 
Perhaps surprisingly, few specific reactions of biotin suiph-
oxide derivatives have been reported. The Pummerer reaction of 
(R)- and (S)-biotin methyl ester sulphoxides with trifluoroacetic 
anhydride has been shown, however, to afford the thiolactol (6) 
as the major product.6 This reaction can be conjectured to 
involve nucleophilic attack by trifluoroacetate anion on a 
dihydrothiophenium species (7a) generated by dehydration of 
the sulphoxides followed by hydrolysis of the trifluoroacetate 
group.7 Steric inhibition of proton abstraction at the C-2 
position may therefore enable formation of an isomeric dihydro-
thiophenium ion (8), and hence allow functionalisation at 
the C-5 position. To test this approach the mono N-acetyl 
derivative (11) was prepared by acetylation of biotin methyl ester 
and subsequently oxidised with sodium periodate to afford a 
7:3 mixture of the isomeric sulphoxides (3a) and (3b). Assign-
ment of the stereochemistry of the two isomers follows from 
their 'H n.m.r. spectra. In the spectrum of the (S)-sulphoxide 
(3a) the C-2 methylene protons are equivalent and are observed 
as a doublet (3J23 5.6 Hz) at 3.38 p.p.m. In the spectrum of the 
(R)-sulphoxide (3b) the two C-2 proton resonances are widely 
separated, the signal for the 2-pro S proton (dd, 2J9 ,,, 15.9 Hz, 
3J23 7.6 Hz) being observed at 2.88 p.p.m. and the 2-pro R 
proton, deshielded by the sulphoxide oxygen, resonating at 3.73 
p.p.m. (d, 2J9 ,,, 15.9 Hz).' Both isomers were found to give 
similar product mixtures in the subsequent reactions. Thus 
treatment of either compound (3a) or (3b), or a mixture of the 
' Non-systematic numbering. 
isomers with trimethyl phosphite—acetic anhydride in refluxing 
toluene afforded a mixture of the unsaturated derivatives (4) 
and (5a) (1:0.8) which could be readily separated by dry column 
chromatography. 
Hydrogenation of both compounds (4) and (5a) over 5% 
Pd—C gave N"-acetylbiotin methyl ester (If) indicating that no 
ring opening reactions had occurred. The location of the double 
bonds in products was evident from their n.m.r. spectra. The 
DEPT{'H}' 3C n.m.r. spectrum of (4) showed a single olefinic 
methine resonance at 128.8 p.p.m. and in the 'H n.m.r. spectrum 
the resonances of the C-2 methylene and C-3 methine protons 
of the starting material were replaced by a I H doublet (2-H, 
4J2.4 3.3 Hz) at 6.40 p.p.m. indicating the presence of a 
dihydrothiophene ring system. The presence of an exo double 
bond in the product (5a) was evident from the observation in the 
'H n.m.r. spectrum of a triplet at 5.64 p.p.m. (6-H, 3J67 7.0 Hz) 
which collapsed to a singlet on irradiation of the complex of 
methylene resonances at 2.0 p.p.m. Assignment of the thermo-
dynamically more stable Z-stereochemistry for (5a) follows 
from the observation of a nuclear Overhauser enhancement 
(n.O.e.) of the N3 -H signal (10%) on irradiation at the olefinic 
proton frequency. Similarly irradiation of the N3 -H signal led to 
a 5% enhancement of the olefinic proton signal. 
Reaction of the sulphoxides under classical Pummerer 
conditions (acetic anhydride—toluene), with trifluoroacetic 
anhydride,' with trimethyl phosphite alone, or with toluene-p-
suiphonic acid similarly afforded compounds (4) and (Sa) as the 
major products with no hydroxylated derivatives being formed 
((f reference 6); nor could any ring opened products be detected 
in the reaction mixtures. Formation of compounds (4) and (5a) 
seems likely to occur via the dihydrothiophenium species (7b) 
and (8) - subsequent loss of .x-protons from the 3 and 6 positions 
of which afford (4) and (5a) respectively. While tetrahydro-
thiophene sulphoxides have been reported to afford only the 
corresponding .-acyloxy derivatives,6'9 analogous formation 
of 2,3-didehydrothioethers has been observed in the Pummerer 
rearrangements of six-membered thiane and 1,4-dithiane 
sulphoxides.'"'The absence of C-2 and C-S oxygenated 
products in this case may reflect steric inhibition of nucleophilic 
attack at C-2 of (7a) and C-5 of (8) respectively. 
Alkaline hydrolysis of compound (Sa) afforded 5,6-didehydro-
biotin (5b), which was purified by ion-exchange chromato-
graphy. The compound was evaluated for biotin-like activity 
by its effects on the growth of an E. co/i, bioA mutant (strain 
6435) which lacks the ability to catalyse the transamination of 
9-amino-7-oxopelargonic acid to 7,9-diaminopelargonic acid 
and hence is unable to grow on minimal medium without 
supplementation with 7,9-diaminopelargonate, dethiobiotin or 
biotin. Supplementation with compound (5b) at concentr-
ations approximately 10-fold higher than the minimum biotin 
concentration required for growth (10 ig/l) supported normal 
growth of the mutant indicating that the didehydro analogue 
can function as a biotin replacement factor for E. co/i. No 
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evident. 5,6-Didehydrobiotin thus appears to have a similar 
activity to selenobiotin.' 2 
Model building studies indicate that, in comparison with 
biotin, the presence of the 5,6-double bond in compound (Sb) 
has little effect on the 6-H-N" interatomic distance or on the 
effective length of the extended carboxylate side-chain. 13  Our  
results suggest that the presence of the 5,6-double bond does not 
materially affect the biological activity of the coenzyme. 
Experimental 
N.m.r. spectra were recorded on Bruker WP80, WP200, and 
WM360 spectrometers. Difference n.O.e. experiments were 
carried out on a Bruker WM360. Mass spectra were measured 
using El MS9 and Kratos 2AB spectrometers. 1.r. spectra were 
recorded on a Perkin-Elmer X98 spectrophotometer. M.p.s 
were determined on a Reichert hot-stage apparatus and are 
uncorrected. 
N'-Acetylbiotin Methyl Ester (1f).-D-Biotin (la) (1 g) was 
suspended in methanol (20 cm') and treated with an excess of 
ethereal diazomethane. Evaporation and crystallisation of the 
residue from methanol afforded the methyl ester (Ig) as 
colourless needles, m.p. 165-167 °C. A solution of the ester (0.5 
g) in acetyl chloride (10 cm') was heated at 65 °C for 2 h, 
evaporated to dryness under reduced pressure and the residue 
fractionated by flash column chromatography on silica eluting 
with EtOAc-hexane to afford compound (If) (0.5 g) as colour-
less plates from EtOAc-hexane, m.p. 97-99 °C, v(Nujol) 
3 360,1 775, and 1 680 cm'; H(80  MHz, CDCI3) 1.54-1.84 (6 
H, m), 2.31(2 H, t, J 7.0 Hz, 9-H), 2.45 (3 H, s, MeCO), 3.03 (2 H, 
m, 2-H), 3.16(1 H, m, 5-H), 3.64(3 H, s, OMe), 4.20(1 H, dd, J45  
3.5 Hz, J34 8.5 Hz, 4-H), 4.94 (1 H, m, 3-H), and 6.67 (1 H, br s, 
NH); e.i. ms. in/z 300 (Mt ), 269, 241, and 227 (Found: C, 52.3; 
H, 6.9; N, 9.35. C13H20N204S requires C, 52.0; H, 6.67; N, 
9.33%). 
N' -A cetylbiotin Methyl Ester Sulphoxides (3a) and (3b).-A 
cooled aqueous solution of sodium periodate (0.33 gin 15cm3) 
was added to a stirred solution of compound (if) (0.48 g, 1.56 
mmol) in methanol (15 cm3) at 0°C over 15 min and the 
mixture stirred at S °C for 8 h. The bulk of the methanol was 
evaporated under reduced pressure and the solution extracted 
with CHCI3 (30 cm' x 3). The organic extract was washed with 
brine (10 cm3), dried, and evaporated to give a mixture of the 
sulphoxides (520 mg). Separation by t.1.c. on silica gel using 
5% methanol-CHCI3 as eluant gave the (S)-sulphoxide (3a) 
(350 mg) as needles from methanol-ether, m.p. 82-84 °C, 
Vmax (NUJOI) 3 380,1 735, and 1 680 cm'; 6H(200 MHz, CDCI3) 
1.5-1.9 (6 H, m), 2.35 (2 H, t, J89 6.9 Hz, 9-H), 2.47 (3 H, s, 
MeCO), 3.15(1 H, dt, J56 7.3 Hz, J45 5.5 Hz, 5-H), 3.38(2 H, d, 
23 5.6 Hz, 2-H), 3.66 (3 H, s, OMe), 4.56 (1 H, ddd, J45 5.5 Hz, 
J34 8.9 Hz, J4,NH  1.3 Hz, 4-H), 5.19(1 H, dt, J34 8.9 Hz, J23 5.6 
Hz, 3-H), and 6.67 (1 H, br s, NH); e.i. m.s. m/z 316.1079 (Mt , 
C13H20N20,S requires 316.1093), 159, and 85 (Found: C, 48.0; 
H, 6.2; N, 8.7. C13H20N2S50.0.5H20 requires C, 48.1; H, 6.20; 
N, 8.64%) and the (R)-sulphoxide (3b) (150 mg) as needles from 
methanol, m.p. 162-163 °C, Vmax  (Nujol) 3 380, 1 735, and 1 680 
cm-'; H(200  MHz, CDCI3) 1.6-2.1 (6 H, m), 2.39 (2 H, t, J89  
7.0 Hz, 9-H), 2.48 (3 H, s, MeCO), 2.56 (1 H, dt, J45 5.4 Hz, J56 
7.2 Hz, 5-H), 2.88 (1 H, dd, J, 15.9 Hz, J23 7.6 Hz, 2-H), 3.67 
(3 H, s, OMe), 3.73 (1 H, d, Jg,m  15.9 Hz, 2-H R), 4.55 (1 H, dd, 
J3, 4 8.1 Hz, J45 5.4 Hz, 4-H), 5.27 (1 H, br t, Jca. 7.7 Hz, 3-H), 
and 6.50(1 H, NH); e.i. m.s. m/z 316 (M), 143 (Found: C, 49.3; 
H, 6.5; N, 8.7. C,3H20N205S requires C, 49.3; H, 6.33; N, 
8.86%). 
Dehydration of the Sulphoxides (3a) and (3b).-Trimethyl-
phosphite (0.4 g) and acetic anhydride (0.2 cm') were added to a 
refluxing solution of compounds (3a) and (3b) (7:3, 450 mg) in 
toluene (45 cm') and the mixture heated at reflux for 60 h. The 
volatile compounds were removed by evaporation under 
reduced pressure and the oily residue fractionated by flash 
column chromatography on silica eluting with increasing 
proportions (10-80%) of EtOAc in hexane to afford compound 
R 
H 
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(4) (127 mg, 30%) as a colourless microcrystalline solid from 
EtOAc—hexane, m.p. 109-111 °C, and compound (5a) (152 mg, 
36%) as a colourless oil. 
1 '-Acetyl-2,3-didehydrobiotin Methyl Ester (4): Vma (NUOl) 
3 320, 1 750, 1 740, and 1 695 cm'; H(200  MHz, CDCI 3) 1.53-
1.66(6 H, m), 2.31 (2 H, t, J89 6.2 Hz, 9-H), 2.54(3 H, s, MeCO), 
3.41 (1 H, m, 5-H), 4.86(1 H, ddd, J 4 3.3 Hz, J45 6.0 Hz, J4,1H 
1.3 Hz, 4-H), 5.58 (1 H, br s, NH), and 6.40 (1 H, d, J24 3.3 Hz, 
2-H); 6J50 MHz, CDCI 3) 24.21 (MeCO), 24.45, 26.55, 27.17, 
33.71 (CH,), 51.24 (C-5),54.55 (OMe), 62.06 (C-4),104.05 (C-3), 
128.85 (C-2), 158.19, 168.51, and 173.83 (CO); e.i. m.s. m/z 
298.0997 (M, C 13H, 8N,04S requires 198.0987), 256, and 196. 
'-A cetyl-5,6-didehydrobiotin Methyl Ester (5a): Vm (NUjO1) 
3 320, 1 735, and 1 685 cm; .,(360 MHz, CDCI 3) 1.6-2.24 
(6 H, m), 2.29(2 H, t, J89 7.6 Hz, 9-H), 2.51 (3 H, s, MeCO), 3.15 
(1 H, dd, 	13.2 Hz, J23 5.3, 2-Ha), 3.31 (1 H, d, Jg,n  13.2 Hz, 
2-H R), 3.66 (3 H, s, OMe), 4.81 (2 H, m, 3-H, 4-H), 5.27 (1 H, d, 
4,NH 8.0 Hz, NH), and 5.64 (2 H, br t, J67 7.0 Hz, 6-H); 
(50  MHz, CDCI 3) 23.43 (MeCO), 23.78, 30.70, 32.97, 38.35 
(CH 2), 51.31 (MeO), 59.16, 59.36 (C-3, C-4), 124.23 (C-6), 140.26 
(C-5), 155.09, 170.44, and 173.53 (CO); e.i. m.s. rn/z 298 (Mi), 
266.1282 (C13H 18N204 requires 266.1267). 
5,6-Didehydrobiotin (5b).—The ester (5a) (120 mg) was 
dispersed in 1M aq. NaOH (2 cm') and the solution stirred at 
room temperature for 1.5 h. The pH of the solution was adjusted 
to 9 with 1M aqueous HCI and the solution subjected to ion 
exchange chromatography on Biorad AG50 x 2 resin (1 x 10 
cm, H form). The column was eluted with 2m aqueous 
NH40H—EtOH (1: 1) and the ninhydrin positive fractions 
pooled and lyophilised to afford compound (5b) (60 mg) as a 
colourless hygroscopic solid, (90  MHz, D20) 25.34, 31.39, 
37.12, 39.14 (CH,), 58.58, 63.78 (C-3, C-4), 124.87 (C-6), 140.46  
(C-5), 164.13, and 183.24 (CO); f.a.b. m.s. ,n/z 243.0803 
[(M + 1), C,0H,4N203S requires 243.0803]. 
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